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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization

The prdcedures used to develop this document and those intended for its further maintenance|ar
describg¢d in the ISO/IEC Directives, Part 1. In particular, the different approval criteria neededfor th
differenft types of ISO documents should be noted. This document was drafted in accordance with th
editoriall rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

AR CENY

-

Attentidn is drawn to the possibility that some of the elements of this document may. be the subject d
patent rjights. ISO shall not be held responsible for identifying any or all such patent-rights. Details @
any patént rights identified during the development of the document will be in thejintroduction and/ofr
on the I$0 list of patent declarations received (see www.iso.org/patents).

-

Any tragle name used in this document is information given for the convenience of users and does nqgt
constityte an endorsement.

jw)

For an fexplanation of the voluntary nature of standards, the 4neaning of ISO specific terms an
expressjons related to conformity assessment, as well as inforfation about ISO's adherence to th
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.orgl/
iso/foreword.html.

W

This dogument was prepared by Technical Committee {SO/TC 184, Automation systems and integration,
Subcommittee SC 4, Industrial data.

Alist of pll parts in the ISO 10303 series can be found on the ISO website.

-

Any feedlback or questions on this document should be directed to the user’s national standards body:. /
completle listing of these bodies can be found at www.iso.org/members.html.
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Introduction

021(E)

ISO 10303 is an International Standard for the computer-interpretable representation and exchange
of product data. The objective is to provide a neutral mechanism capable of describing product data
throughout the life cycle of a product and independent from any particular system. The nature of this
description makes it suitable not only for neutral file exchange, but also as a basis for implementing and

sharing product databases and archiving.

This document is a member of the description methods series. This document specifies the web services

defined for ISO 10303. It includes the rationale for the selection of the web services and their
does not include any specifications for management or maintenance of information and!dat
derver. This document supports the STEP extended architecturel121[13],

The need for standardized services

scope. It
h on the

[he traditional means for exchanging data using ISO 10303 is to share largeipackets of inf

nalysis to design, and lifecycle support. It is also true for the differedt\models of the STEP E
rchitecture with services needed for the core, domain and data planning models.

The rapid evolution of web technologies means that the services‘definitions need to be indepe
technology, with technology specific implementation schemas,generated from the definitions.

The purpose of standardized services is to:

— define services against a model so that two or méte vendors provide consistent implement

— provide a minimum specification to ensure*consistency so that a third party can use the
from either of the vendors (such as “plug and play”).

The document development method:

Much of the content for Clause 5 was-harvested from public deliverables of the Aerospace Teg
Institutel2l]l APROCONE projectl22Myhere intent was declared in these deliverables for the cont
ysed in this document. This was approved by all APROCONE project members.

The main components ofthis document are:

1+ typesofservices:adescription of the categories of services from domain and technology inde
to specific, and®herationale for the scope for this document;

+ technology‘independent services definition: the definition of the technology-independent
along withtheir inputs and outputs;

+ technoelogy-dependent methods: SysML XMI to OpenAPI 3.0.0 JSON schema;

+ - Annex B: SysML to OpenAPI - Canonical XMI and equivalent in OpenAPI JSON schema;

mation

]
ysing files. However, with increasingly interconnected organizations and toelsets, the need hgs arisen
fpr secure flexible sharing of smaller packets of data. This need is valid for@very industrial domain from

tended

ndent of

htions;

Services

hnology
bt to be

pendent

ervices

— Annex C: SysML to OpenAPI - Example files;

— Annex D: SysML to OpenAPI - A listing of, and mapping between, SDAI and HTTP response status

codes.
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Industrial automation systems and integration — Product
data representation and exchange —

Part 18:

NDocerintion mothodce: SvyeMI YMI o Wobh corvicac
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transformation

This document specifies the definition for services at the point of interaction’between a cl
derver.

The following are within the scope of this document:

The following are outside the scope of this document:

There are no normative references in this document.

ARAILIYE v

Scope

ent and

the specification of the structure, components and conventiens for domain- and technology-

independent services implementation methods for STEP (1S610303-1);

transformation of the SysML metamodel constructs to. @penAPI constructs for RESTful web
(see OpenAPI:3.0.0[25] and IETF RFC7231).

domain specific services definitions;

the transformation of SysML metamodel-constructs into OpenAPI constructs that are not
the STEP extended architecturel121[13];

the transformation of SysML metamodel constructs into OpenAPI constructs for other p
than representing SysML constructs as STEP concepts;

codes and scripts to transform SysML XMI to OpenAPI schema;
the transformation 6f SysML constraints into OpenAPI schema;
implementatiof-ef technology-specific services definitions other than RESTful OpenAP]I;

definition ¢f yifanagement and maintenance of information and data on a server.

Norinative references

kervices

used in

urposes

3

Terms, definitions, and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

© IS0 2021 - All rights reserved
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3.1.1

3.1.1.1
data

10303-18:2021(E)

Terms and definitions for generic concepts

representation of information in a formal manner suitable for communication, interpretation, or
processing by human beings or computers.

[SOURCE: ISO 10303-1:2021, 3.1.29]

3.1.1.2

imple
part of |

[SOURC
remove

3.1.1.3
informa:

facts, concepts or instructions.

[SOURC
3.1.1.4

information model

concept

Note 1 td
organize

Note 2 td

EXAMPL

entation method
0 10303 that specifies a technique used by computer systems to exchange product data

E: [SO 10303-1:2021, 3.1.39, modified — In the definition, the text after "data"chas been
1.]
ition

E: 1SO 10303-1:2021, 3.1.41]

llal model of product data

[l

entry: In ISO 10303, an information model is based on the.@bject-relationship modeling technique th4
s the product data as represented in different system aspects.

entry: In ISO 10303 information models are may be developed using EXPRESS modeling language.

E Application resource model for ISO 10303=242 managed model-based 3D engineering.

[SOURCE: ISO 10303-1:2021, 3.1.42 modified — The example has been changed.]

3.1.2 [Terms and definitions for STEP.-cencepts

3.1.21

entity

class of [nformation defined by €Coimmon properties

[SOURCE: ISO 10303-11:2004,-3.3.6, modified — In the definition, the article "a" has been removed.]
3.1.2.2

value

unit of data

[SOURCE: 1S0:10303-11:2004, 3.3.22, modified — In the definition, the article "a" has been removed.]
3-1-3 TCI JU ) aud dcﬁuit;uua fUl Syb}"{L LUllDtl ubtb

3.1.31

association

association classifies a set of tuples representing links between typed model elements

[SOURCE: ISO/TS 10303-15:2021, 3.1.3.2]

3.1.3.2

auxiliary

a stereo

type applied to an abstract block (3.1.3.3) that has no properties

[SOURCE: ISO/TS 10303-15:2021, 3.1.3.3]

© ISO 2021 - All rights reserved
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3.1.3.3
block
modular construct used for defining an entity (3.1.2.1)

Note 1 to entry: Used for defining objects in information models (3.1.1.4) such as Application activity model
concepts, Application Data Planning objects, Application Domain Model Business Objects, Core model objects
and ARM in SysML Entities. They may include reference, part, and value properties; constraints. They can be
specializations of other Blocks.

[SOURCE: ISO/TS 10303-15:2021, 3.1.3.4]

3.1.34
domposite aggregation
responsibility for the existence of composed object.

=,

t

—

[ote 1 to entry: If a composite object is deleted, all of its part instances that are objects are-deleted with
[SOURCE: ISO/TS 10303-15:2021, 3.1.3.5]

3.1.3.5

directed association

gssociation between a collection of source model elements and a gollection of target model glements
that is said to be directed from the source elements to the target.elements

[SOURCE: ISO/TS 10303-15:2021, 3.1.3.6]

3.1.3.6
dgnumeration
Value Type whose values are enumerated

[SOURCE: ISO/TS 10303-15:2021, 3.1.3.7]

3.1.3.7
gnumeration literal
named value for an enumeration

[SOURCE: ISO/TS 10303-15:2021( 3;1.3.8]

3.1.3.8
data type
tiype whose instances are-identified only by their value

[SOURCE: ISO/TS 10303-15:2021, 3.1.3.9]

3.1.3.9
generalization
directed.relationship between a more general supertype and a more specific subtype

Note{l'to entry: Each Generalization relates a specific Classifier to a more general Classifier. Given a (lassifier,
the-transitive closure of its general Classifiers is often called its generalizations, and the transitive closure of
itsSpecific Classifiers 15 called 1t5 specializations. The Immediate generatizations are aiso caited the Classifier’s
subtype, and where the Classifier is a Class, its supertype.

[SOURCE: ISO/TS 10303-15:2021, 3.1.3.10]

3.1.3.10

part property

property that specifies a part with strong ownership and coincidental lifetime of its containing block
(3.1.3.3).

Note 1 to entry: It describes a local usage or a role of the typing Block in the context of the containing Block.
Every Part Property has Composite Aggregation and is typed by a Block.

© IS0 2021 - All rights reserved 3
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[SOURCE: ISO/TS 10303-15:2021, 3.1.3.12]

3.1.3.11
primitive type
definition of a predefined DataType, without any substructure

[SOURCE: ISO/TS 10303-15:2021, 3.1.3.11]

3.1.3.12
reference property

propert
[SOURC

3.1.3.13
stereot
limited

y that specifies a reterence of 1ts containing block (3.1.5.3) to another block

E: ISO/TS 10303-15:2021, 3.1.3.13]

ype
kind of metaclass that cannot be used by itself but must always be used in conjunc¢tion with on

of the mletaclasses it extends

[SOURC

3.1.3.14
value p
propert

[SOURC

3.14
3.14.1

openapj

<OpenA
Note 1 td
Note 2 td
3.1.4.2
info
<OpenA
Note 1 td

Note 2 td

3.14.3
servers
<OpenA

E: ISO/TS 10303-15:2021, 3.1.3.14]

Foperty
y of a block (3.1.3.3) that is typed with a ValueType

F: ISO/TS 10303-15:2021, 3.1.3.15]

Terms and definitions used in OpenAPI specification

PI> semantic version number field of the OpenAPI specification version
entry: A required fixed field in an OpenAPI'Schema.

entry: The full definition is provided:in OpenAPI specification.

PI> metadata about the(sghema field
entry: A required fikedfield in an OpenAPI schema.

entry: The fulldefinition is provided in OpenAPI specification.

PI> connhectivity information to one or more target servers field

Note 1 td

entry: A fixed field in an OpenAPI schema.

ww

Note 2 to entry: The full definition is provided in OpenAPI specification.

3.1.4.4
tags

<OpenAPI> metadata representing logical grouping field.

Note 1 to entry: The full definition is provided in OpenAPI specification.

© ISO 2021 - All rights reserved
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3.1.4.5
paths
<OpenAPI> available relative paths to the individual endpoints field

Note 1 to entry: A required fixed field in an OpenAPI schema.
Note 2 to entry: The full definition is provided in OpenAPI specification.

3.1.4.6
components
40penAPI> container for holding various schemas

Note 1 to entry: The full definition is provided in OpenAPI specification.

3.1.4.7
rlesponse object
40penAPI> description of a single response from an operation

Note 1 to entry: A response object may include design-time, static links to operations based on the respgnse.
Note 2 to entry: The full definition is provided in OpenAPI specification.

3.1.4.8
flesponses
40penAPI> reusable response objects (3.1.4.7) field

Note 1 to entry: A fixed field in the field components in an OpenAPI schema.
Note 2 to entry: The full definition is provided in OpenAPI'specification.

1.4.9
chema object
OpenAPI> input and output data types definition

A LA )

Note 1 to entry: The full definition is provided in OpenAPI specification.

1.4.10
chemas
OpenAPI> reusable schema:abjects (3.1.4.9)

ALA )

Note 1 to entry: A fixed field in the field components (3.1.4.6) in an OpenAPI schema.

Note 2 to entry: The full definition is provided in OpenAPI specification.

3.1.5 Terms.and definitions used in hypertext transfer protocol

3.1.5.1
nHesource
HTTP> HTTP request target

A

ote 1 to entry: HT TP does not [imit the nature of a resource; it merely defines an interface that might be used to
interact with resources. Each resource is identified by a uniform resource identifier (URI).

Note 2 to entry: The full definition is provided in RFC 7231:2014, 2.

3.1.5.2
representation
<HTTP> information reflecting a past, current, or desired state of a given resource (3.1.5.1).

Note 1 to entry: the representation is in a format that can be readily communicated via the protocol, and that
consists of a set of representation metadata and a potentially unbounded stream of representation data

Note 2 to entry: The full definition is provided in RFC 7231:2014, 3.

© IS0 2021 - All rights reserved 5
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3.1.5.3

response status code
<HTTP> result of the attempt to realise the request represented as a three-digit integer code

Note 1 to entry: only the response status codes starting with 2 (Successful), 4 (Client error) and 5 (Server error)
are used.

Note 2 to entry: The full definition is provided in RFC 7231:2014, 6.

3.1.5.4

POST
method
the requ

Note 1 td

3.1.5.5
GET
method

Note 1 td

3.1.5.6
PATCH
method
(3.1.5.1)

Note 1 td

3.1.5.7
PUT
method
defined

Note 1 td

32 A

AP

API
APROC(
CRUD

HTTP

that requests that the target resource (3.1.5.1) process the representation (3.1.5.2) contained i
est

=}

entry: The full definition is provided in RFC 7231:2014, 4.3.3.

that requests a representation (3.1.5.2) for the target resource (3.1.5.1) istransferred

entry: The full definition is provided in RFC 7231:2014, 4.3.1.

N

that requests that a set of changes described in the request entity be applied to the resourc

entry: The full definition is provided in RFC 6902:2013, 4.

D

that requests that the target resource (3.125.1) state be created or replaced with the stat
by the representation (3.1.5.2) contained in‘the request

entry: The full definition is provided innRFC 7231:2014, 4.3.4.
bbreviated terms

application protoeol
application programming interface

NE advanced product concept analysis environment
credteread update delete

hypertext transfer protocol

ID

identifier

JSON
0CL
OMG
REST
SDAI
SDL

Java script object notation
object constraint language
object management group
representational state transfer
standard data access interface

schema definition language

© ISO 2021 - All rights reserved
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SOAP simple object access protocol
STEP standard for the exchange of product model data
SysML system modeling language

UiD unique identifier

UML unified modeling language

URI universal resource indicator

WuID universal unique identifier

WSDL web services description language
AMI xml metadata interchange

AML extensible markup language

ASD xml schema definition

4 Domain-independent, technology-independent'services

4.1 Domain- and technology-independent servicés overview (CRUD+Query)

Higure 1 below shows the classification of the services according to their domain and implem
technology independence. This clause concerns the€' domain and implementation technology inde
gervices definitions, shown in the bottom left of Figure 1.

NOTE1 The domain independent, technology specific services are covered in Clause 5. The domair
gervices are not considered in this document.

Specific e

bntation
pendent

-specific

P!
- '; ) S \ /
N Not considered in
| this document
.% , Clause 5
S ' . .
S Domain Independent, Domain Independ.ent,
Technology Technology Specific
Clatse - Independent Rinr]ingfrnm in/fp[npnr]pnt
SysML to specific (such as,
such as Create. Read, Update, auto-generate XSD from
Delete, Query SysML)
Independent Implementation Technology Specific

Figure 1 — Classification of services according to domain and technology independence

© IS0 2021 - All rights reserved
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The domain- independent and technology-independent services are used to mutate (Create, Update,
Delete) and interrogate (Read, Query) the data.

The standard to which the services apply, shall be directly reflected in any specializations and in the
payload of the service request and response;

EXAMPLE 1 If the standard has an entity called “Circle” that has two part properties called “position” and
“radius”, then the service can be CreateCircle(position, radius), or better still Create(type arguments) which for
the Circle example equates to Create(type=Circle, arguments={position, radius}).

depending on which is best for their internal data model.

EXAMPLE 2 A Person “AssignTo” (see Figure 2) service can be defined to create/réad~the appropriat
assignment object (OrganizationOrPersonInOrganizationAssignment or PersonInOrganization) depending o
the type[to which the person is being assigned.

- (D

AssignedTo <<Auxilliaryss
PersonAssignedSelect

Person

Figure 2 — Person AssignedTo
NOTE 2 | The following types of services are not consideredto-be domain independent services and so are ndt
considerpd in this document:
— compined services:

— |these services do complex tasks, but can be'defined using a series of CRUD+Q services;

— |these types of services are generally'spécific to a particular use case and, as such, cannot be included ih
this document. Instead, they can besimplemented in the client;

— |if a generic combined servige is‘needed, then the approach of abstracting the service to a property anfl
using parametric diagrams:te define the behaviour (as described in this subclause) can be suitable fo
defining this type of seryice;

=

— valye-added services:
— |these servicesydo/other tasks with the data;

— |the parametric diagrams approach (as described in this subclause) can, in some instances, be used tp
define<this'type of service.

EXAMPLE 3 ™\ 'Calculation or method services.

EXAMPLE 4  Create Circle(ptl, pt2, pt3). Assuming a standard "ABC" that defined the circle by using a centre
point and radius, this service first needs to compute the centre point and radius from the three points before it
can use these values to create a Circle following the standard "ABC".

EXAMPLES5  Read CircleArea(). This service needs to read the circle retrieving the radius and then compute
the area

EXAMPLE 6  Compare two sets of data (for validation - are they the same).

8 © IS0 2021 - All rights reserved
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4.2 Technology independent services definition

4.2.1 General
The following is the technology independent definition for the services.

As described in Example 1 of 4.1, the service definition is independent of implementation technology, but
also independent of the domain (AP) or layer of the architecture. To achieve this independence, instead
of specific services for entities, such as “CreateCircle(position, radius)”, the service definitions are like

« ) «

L. +1a ot 2 ol +1 34 £ A PRy t
7 wWHCTC O TCPTCSTITCatIUIT COTICATITS CIIC—CTICICy - oy pt—aira CIICIcy yl\per 1€sS.

The same service definition is used for any domain (AP) and layer of the architecture, with only a
gchema for the “representation” being domain or layer dependent. The technology-indepetidéent schema
is the SysML Canonical XMI, with technology specific schemas extracted from the SysML definifions.

ol ot AL
TCatC T CpTCSTITTatior:)

HXAMPLE 1  Technology-specific schemas such as XSD for XML, JSON schema for JSON and’SDL for GraphQL[231.

A “representation” shall include both part properties and reference properties, Therefore, the fervices
definition also includes a definition for “reference”.

BXAMPLE 2 A technology-specific definition for a reference can be a URI.

The services definition contains definitions for entities representation and reference. THese are
dgxplained in more detail in 4.2.2, followed by details for each of‘the mutation services (see 4.2.3) and
interrogation services (see 4.2.4). They are summarized by Eigure 3.

OperationRep tationWithReference | «rationale» =
— data contains some or all the
- ——— 1 47 | mandatory properties of the
RepresentationWitt | 47 | PartialRepresentationWithReference | object and some or all of the
| optional properties, and mpy
RepresentationWithReferng@ject also include operations fol
parts Q‘ what should happen to thg
reference : InstanceRefm{me properties.
(VY
i PartialRepresentation B
— «rationale» %
\ RengtationObject data contains some or all of the
\ . parts mapdatory and some or all of the
N &h optional that are set
«rationale» s
data contains all mandatory. type : String ~~ -
and all optional that are set ~— -
«rationale» %
This is a representation of the a "template" in the standard.
Itincludes:
«Auxiliary» - the "template” type )
RepresentationOrErrorReferenceSelect -The dfata is a list of the property name and property value al[gned to the
properties for a template. Where the property in the template is a referencp
RoTeronce property, the property value will be an InstanceReference. Where the progerty
in the template is a part property the value will be an encapsulated
representation.
«Auxiliary» 7
———-7 ReferenceSelect ‘l
InstanceReference | Format depends on
— implementation technology
EXAMPILE: SOAR: XSD.>XM|
[P EEURITTOTREST] EXAMPLE: REST: JSON

Application_protocols::AP243::Services_model::ServicesOperations::
Services

operations
create( representation : Representation [1], reference : ReferenceSelect [1] )
read( reference : InstanceReference [1], format : PartialRepresentation [0..1], representation : RepresentationOrErrorReferenceSelect [1] )
update( representation : RepresentationWithReference [1], reference : ReferenceSelect [1] )
match( match : PartialRepresentation [1], format : PartialRepresentation [0..1], results : RepresentationWithReferenceObject [0..*] )
patch( representation : OperationRepresentationWithReference [1], reference : ReferenceSelect [1] )

Figure 3 — Summary of services and their use of representation and reference entities
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4.2.2 Representation, PartialRepresentation, OperationRepresentation and Reference

The Representation includes a string for the entity type and all public properties of the entity delineated

as mandatory or optional as follows:
— reference properties (aggregation [None]) are defined as a reference;

NOTE 1 On the block definition diagrams, these have no diamond.

EXAMPLE1 In Figure 4, ObjectWithPropertyDefinitions has optional multiple reference properties

llee—P P G » D TN L e
Ca A% I lU}J\/l Ly JCITITIVIUITS UI Ly l.lb I lUl_lbl LyUblllllLlUll

— part and value properties (aggregation [Composite]) are defined as a Representation. As theselar

encfpsulated this can lead to multiple levels of nested Representations.

NOTE 2 On the block definition diagrams, these are black diamonds;

EXAMPLE 2  In Figure 4, PropertyDefinition has a value property called “ValueType” of typ

ValyeTypeEnum

EXAMPLE3 In Figure 4, ObjectWithPropertyValues has optional multipl€ part properties callefl

“Prqgperties” of type PropertyValue.

ValueTypeEnum
ValueType I]
PropertyDefinition Property/Value '
RropertyDefinitions T 0. * Properties ()\* ______ axiezble
PR Aggregation = None
- A - Aggregation = Composite
<-----""" <---"

ObjectWithPropertyDefinitions ‘BEjectWithPropertyValues

Figure 4 — Associations used in block definition diagrams

The ParfialRepresentation is.as the Representation, except none of the properties are mandatory.

The OpdrationRepresentatien is as the PartialRepresentation, except it can also include operations for

what shpll happen to the properties in the Representation.

The InstanceReference is a reference to an object and the format or content is dependent on th

impleméntationtechnology.

EXAMPLE 44 YA Reference in a REST web service is a URI

IALCE

W

11°)

14°

i At . A 1 . 1 1 el 1 . ral
EXAMPLD J A RNCICTCIILT I d OUAT WEU SCIVILT LAITI'UDC dIT UDUJCCU WILIT SEVET AT PIUOPCTLICS 45 PdI't ULNd VWOUL.

The InstanceReference is returned by the mutate type of services (Create, Update, Delete). As well as a
InstanceReference, the services can return an ErrorReference that is a reference a failure code for when

the service does not execute as expected.
4.2.3 Mutation services

4.2.3.1 General

Mutation services are services that change the information stored in the server.
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4.2.3.2 Create

4.2.3.2.1 Description

A mutation service that creates the specified object.

4.2.3.2.2 Definition

021(E)

Send: a Representation (see 4.2.2) of the object defined by the object properties. This shall include all

€ mandatory properties as defined in the SysML model.

Behaviour: if a complete Representation is received with all the mandatory properti€s, ‘cr
dbject. If incomplete, return an error.

Response: Reference. This shall be a reference to the new object or a reference to afailure code

4.2.3.2.3 Rationale

The rationale for mandating the send of all the mandatory propertiesfis-to avoid partially cg
implementations which are contradictory to the intent of standardization. If a server rec
incomplete Representation, it shall do nothing and respond with a.suitable failure code referen

The single Reference response is sufficient because:

+ itcanbe assumed that, if response is an object referenge,/then the operation completed sucq
and so an additional success/failure code is redundant;

+ including the object Representation in the respense is redundant because the client already
information.

4.2.3.3 Update (overwrite)

4.2.3.3.1 Description

A mutation service that overwrites'the specified object.

4.2.3.3.2 Definition

Jend: InstanceReferefnice'and a Representation (see 4.2.2) of the object defined by the object prg
This shall include ali’the mandatory properties as defined in the SysML model.

Behaviour: it-ipdates the entire object, overwriting all the properties, this includes un-set
dptional preperties that are not included in the content, and replacing lists (not appending). It
do any datejor state checking.

Respouse: InstanceReference or ErrorReference. This shall be a reference to the updated ob
rleference to a failure code.

bate the

mpliant
bives an
Ce.

essfully

has this

perties.

ing any
loes not

ectora

4.2.3.3.3 Rationale

The behaviour of overwriting and un-setting optional properties not included, does not
any analysis on the part of the server so is the easiest to implement. It is what many web

require
service

implementations do today. As with the Create service, a response of an InstanceReference is all that is

needed because the full representation is already available in the client.

© IS0 2021 - All rights reserved
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4.2.3.4 Patch

4.2.3.4.1 Description

A mutation service that amends the properties for the object.

4.2.3.4.2 Definition

Send: InstanceReference and an OperationalRepresentation (see 4.2.2) of the object, defined by the
object 1;[‘opert1es and optional associated patci Operations.

Behaviour: amends the properties of the referenced object with the values included .iny'th
PartialRepresentation” according to the operation associated to each property, checking, that th
resultant object is valid. If the resultant object is not valid, a failure code ErrorReference-shall b
returnefl.

AR ERY

Responge: InstanceReference or ErrorReference. This can be a reference to the ameénded object or
referenge to a failure code.

-

4.2.3.4.8 Rationale

There dre several possible modes of operation for patch, with difféerent behaviour depending o
the implementation technology. Therefore, the OperationalRepresentation is defined for eac
implem¢ntation technology.

=}

=}

EXAMPHE1 Some implementation technologies assume operatiouis for all properties in a request body, suc
that, if a property is missing from the request body, it is ignored.

1=}

EXAMPHE 2  Some technologies have a single operation in'a‘request body that is applicable to all properties i
the body] such as being able to declare if missing properties-are ignored or deleted.

-

EXAMPHE 3  Some implementation technologies specify operations for each property in the request body.
4.2.4 [Interrogation services

4.2.4.1 | Description

Interrogation services are serviees-that do not change the information stored in the server.
4.2.4.2 | Read

4.2.4.2.1 Definition

Send: InjstanceRéference (see 4.2.2) to the object

Responge: Representation (see 4.2.2) of the object defined by the object properties (all mandatory angl
any opqonally defined properties) as defined in the SysML model.

4.2.4.2.2 Rationale

The rationale is to have the service as simple as possible to implement. Therefore, including a filter/
format for the response has been discarded as the extra payload needed for the full Representation is
not considered to outweigh the complexity. In addition, a filter/format is included in the Query service
(see 4.2.4.3) which can be used in place of the read service if a filter/format was needed.

EXAMPLE Some implementation technologies such as GraphQLI[23] eradicate the Read service altogether in
favour of the Query service.
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4.2.4.3 Query - equality pattern match

4.2.4.3.1 General

There are many types of query, but for this document an “equality pattern match” type of query is used.

4.2.4.3.2 Definition of equality pattern match

Send:

1+ match representation: a PartialRepresentation (see 4.2.2) of the object to match, containing the
properties and references to match with the server data;

+ format representation: a PartialRepresentation of what to return for the object,this defings which
of the instance properties to include in the returned PartialRepresentations. Ifithis is not pfovided,
then it returns the full Representation.

Behaviour: this shall query the data base to find all the objects that have the properties and type egualling
those in the match representation. For each of these found, it shall retirn a PartialRepresgntation
dontaining the properties defined in the format representation. The guery is within a defined gcope of
the responsibility of the server; this can be within a server data repesitory or can expect a sgerver to
fraverse repositories.

Response: list of PartialRepresentations, which can be an empty list.

4.2.4.3.3 Rationale for equality pattern match

'he rationale for using an equality pattern matchyas opposed to a query language, is to reduce the
omplexity of implementation and, thus, lower the barrier to conformance. This is achievable pecause
he same representation is used for the mutation services and it allows implementers to r¢use the
happing to their internal data.

=t O el

'he rationale for adopting a simple equality type of match, as opposed to more complex Congl:tionals,
Vas again to reduce the complexity, Multiple queries can be used to simulate the complex condjitionals.
'he same rationale applies to thejchoice of single object type queries instead of expecting multiple
bject type queries. Multiple queries and client-side filtering can be used to achieve more [tailored
ueries.

O 0 e < ]

HXAMPLE Domain-specific match example is to find all geometrical entities within this volume [for clash
detection.

5 Technology-dependent methods

3.1 General

The following subclauses detail the transformation methods for converting the SysML Canonjcal XMI
( sdefined in TQﬂI/”:(‘ 19505-1, ]Qﬂl/”:‘{‘ 19514 IQﬂI/IF'(' 19509 and W3C YM]) into cpnr‘iFir web kervices

technology-dependent schemas. Each subclause defines the transformation method and Annex B
explains the transformation with detailed examples.

Conformance to this document shall include satisfying the requirements of the web service
implementation technology-dependent method(s) supported. An implementation shall support the
following web service implementation technology dependent method: OpenAPI 3.0.0 JSON schema (see
5.3).

This document shall be unambiguously identified in an open information system by the code defined in
Annex A.
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5.2 Presentation conventions

For ease of identification, the fragments of JSON code are presented in a box. Fragments of code in the
paragraphs use a fixed width font.

The items significant to support the explanations are often formatted using bold text effect to aid
identification of the items in the code fragment. Angled brackets “<xxx>" are used to contain descriptive

words of the content of the resulting J[SON. Triple dots “...” are used to hide content not relevant to a
fragment, these can contain a description of what is hidden using italic text effect.

EXAMPLE JSON fragment of presented in a box showing the use of angled brackets and bold text effedt
with trigle dots that include an italic description.

GET https://<Server Address>/Organization/{uid}
...0tHer content hidden...

5.3 SysML XMI to OpenAPI 3.0.0 JSON schema

5.3.1 |General

The Op¢nAPI JSON schema format is defined in OpenAPI:3.0.0.[23] The sehiema defines the operation
and payload for RESTful web services as defined in IETF RFC7231 and }ETF RFC 6902. The format use
JSON as|defined in ISO/IEC 21778.

2B 2]

OpenAHI JSON schemas are constructed as a series of nested JS@N objects, called fields, held within h
singulaf top-level schema object.

The fieldls used in this transformation are:
— opehapi: OpenAPI specification version that the. OpenAPI document uses;
— infd; title description and version for the ARk
— seryers: connectivity information to target servers;
— tagg: list of unique tags used for ordering the documentation;
— paths: the available paths andoperations for the API;
— conjponents:
— |responses: reusablé response objects;

— |schemas: retisable schema objects.

—

Subclaufes 5.3.2t0' 5.3.7 define how each of the above fields is generated from the SysML Canonical XM
model :[the information objects, including appropriate justifications and examples. Annex B explain|

vi

the transformation using detailed fragments.

5.3.2 Field “openapi”

The field “openapi” is, by convention, the first field defined in an OpenAPI JSON schema but may be
included later in the schema. The field states the OpenAPI Specification version used in the JSON schema
and is mandatory.

EXAMPLE

"openapi": "3.0.0",

14 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=2bce4a9c9ad4226ed856cce7b6fbe332

ISO/TS 10303-18:2021(E)

5.3.3 Field “info”

The field “info” contains fields for description, title and version of the JSON schema. The description
shall include the document's N number. The title can contain free text. The version shall contain the
version number following the specification of MAJOR.MINOR.PATCHI2¢l,

EXAMPLE Field “info” for ISO 10303-4443, OpenAPI JSON schema:

"info": {
"description": "ISO TC 184/SC 4/WG 12 N19999 ISO//TS 10303-4443 Edition 1: OpenAPI

specification for Modelling and Simulation information in a systems engineering

context.

OpenAPI 3.0 Web Services specification containing the services and object definitipns.",
"title"™: "ISO 10303-4443 OpenAPI3.0 Web Services specification",
"version": "1.0.0"

by

3.3.4 Field “servers”

The field “servers” shall contain fields for the “description” and “url’ for any available seryvers for
dvaluating the defined web services. The value of this field does not need to be specified.

EXAMPLE Field “servers”:

"description": "API Auto Mocking Virtual ServeXd;
"url": "https://virtserver.tbd.com/ap243/1.0.0"
}y

3.3.5 Field “tags”

The “tags” field is used to create groupings of similar web services, for ease of navigption in
documentation, for the OpenAPI schema there shall be a tag for “Common” and a tag for each SysML
njon-abstract block.

BXAMPLE Field “tags” with the®Common” tag and a tag for a SysML non-abstract block name “Name{fBlock”:

{"name": "Common"},
{"name": "NameOfBlock"}%

3.3.6 Field “paths”

3.3.6.1 General

The field“paths” shall contain the relative paths to the individual endpoints and their operation. A path
is appefided to the URL from the Server Object (see 5.3.4) to construct the full URL for the web gervices.
Vith the exceptlon of the MATCH service (see 5 5.3.6.6), all operatlons w1th1n the OpenAPI schema are
ca ' ' ' ' POST,GET, PATCH,
PUT) and the name of the entlty to be handled (such as Organlzatlon) There shall be a smgle MATCH
service endpoint that uses a POST operation, posT /match, that can be used for all entities represented
in the SysML model by blocks that are not abstract.

All entities represented in the SysML model by blocks that are not abstract shall have individual ceT
/<entity name>/{uid}, PATCH /<entity name>/{uid} and pUT /<entity name>/{uid} operathans.

Only entities represented in the SysML model by blocks that are not abstract and not encapsulated shall
have individual posT /<entity name> operations. Encapsulated entities are created as part of the POST
operation of the encapsulating entity. Therefore, they shall not have an individual POST operation.
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Each operation entry shall have the following fields:

“description”: a descriptive explanation of the services purpose and behaviour;
— “summary”: a brief summary of what the service does;
— “tags”: the tag where the service is to be grouped in the documentation;

— ‘“operationld”: the unique identifier within the schema used to identify specific services within the
API;

«

— ‘“reqponses”: a list of possible server responses available on executing the given service.

PUT, PATCH and POST services have the additional field:

«

requestBody”: the input JSON/XML attached to a service call, to provide the required output.
GET, PUII and PATCH services have the additional field:

«

parameters”: the parameters available to identify objects held on the server

5.3.6.2 | POST

Every SysML block that is not abstract and not encapsulated shall-have individual POST servic
specificption.

D

—

POST sdrvices are assigned to URIs that represent names used‘in the SysML model, where the objed
type being created is the given name of the URI.

EXAMPLUE1  POST URI for SysML block named "Organization'

POST Https://<Server Address>/Organization

For eaclj POST service, a description, summary;.tag and unique operationld shall be provided.

EXAMPLE 2  POST fields for the entity “Organization”

"descyiption": "Creates new 'Qrganization' objects",
"summgry": "Create a new 'Organization' object",
"tags"l: [ "Organization" ]

"operdtionId": "post Organization",

—

The “requestBody” field@Shall specify that it is required. The “content” field shall contain both JSON an
XML schemas that reférence the same components/schemas field entries (see 5.3.7.3).

EXAMPLE 3  POST\requestBody for the entity “Organization™

"requgstBody™: {
"rgdquired": true,

"cdntent". {
"application/json": {
"schema": {"Sref": "#/components/schemas/Organization"}},
"application/xml": {
"schema": {"S$ref": "#/components/schemas/Organization"}}}},

The “responses” field shall specify the permitted responses from the server. For all POST services, the
server shall respond with one of the following HTTP codes (see 5.3.7.2):

— 201: Object created successfully;
— 400: Bad request;
— 401: Unauthorized;
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— 403: Forbidden;
— 404: Not found.

All responses in POST services shall reference the response in the components/responses that is

appropriate to the HTTP codes. The “responses” field is shown below.

"responses": {
"201": {"Sref": "#/components/responses/201 POST"},
"400": {"Sref": "#/components/responses/400"},
20T [ "Srel": "#/COMpPONEnts/responses/ 401 T,
"403": {"Sref": "#/components/responses/403"},
"404": {"Sref": "#/components/responses/404"}

}
3.3.6.3 GET

Hvery SysML block that is not abstract shall have individual GET service spegification.

GET services are assigned to URIs that represent names used in the SysML model, where th
tiype being created is the given name of the URI. These services alsoycontain the parameter
fleturn specific objects pertaining to that UID.

BXAMPLE1 GET URL

e object
“uid” to

GET https://<Server Address>/Organization/{uid}

Hor each GET service, a description, summary, tag and*unique operationld shall be provided.

BXAMPLE 2 GET description, summary, tag and gperationld fields for the entity “Organization”

"description": "Returns 'Organizatiom\' objects pertaining to a uid",
"summary": "Return 'Organization'y6bject by uid",

"tags": [ "Organization" ]

"operationId": "get Organizatidny'uid",

The “parameters” field defines the expected input data when the service is called. The field shall
he following fields:

ot

+ ‘“description”: deseription of the parameter;

+ “name”: name ofthe parameter defined in the service URI within curly brackets;
1+ ‘“required’boolean variable, declaring whether the parameter is required;

+ “in”.declares where the parameter is defined;

+ Aschema”: reference to the schema component that defines a permitted input;

contain

{« 1.0 1 £ i H erla ot 1. LU PR ) L. Tliefiald
CAallllJlC . CAalll}JlC Ul d Pcll dllITLTI lllPuL LIIdt LUllllJlle VVILIT UIIT SUIITIIIA. 11115 TITIU UUTS TIUL

be specified.

need to

All GET services in the OpenAPI schema shall contain the same “uri” parameter definition as shown

below, where the “example” field does not need to be specified.

© IS0 2021 - All rights reserved
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"parameters": [ {
"description": "The uid of the object to be returned.",
"name": "uid",
"required": true,
"in": "path",
"schema": { "S$ref": "#/components/schemas/ID" },
"example”: " 18 4 1 1b310459 1511445569604 398628 32624"
bl

The “responses” field shall specify the permitted responses from the server. For all GET services, the

server s
— 200
— 400
— 401
— 403
— 404
All but {

hall respond with one of five HTTP codes (see 5.3.7.2):
: Object found;

: Bad request;

: Unauthorized;

: Forbidden;

: Not found.

he “200” response in GET services shall reference the response ii-the components/response

thatis aEpropriate to the HTTP codes.

The “20

” response is unique to each service and the “content” field'shall contain both JSON and XM

vi

schemag that reference the components/schemas field entries forithe object (see 5.3.7.3).
EXAMPLE 3  Responses for a GET service on the entity “Organization”:
"respdnses": {
" 2 c O " . {
"content": {
"application/Jjson™: {
"schema": { "Sref": "#/componénts/schemas/Organization” } },
"application/xml": {
"schema": { "Sref": "#/o0mponents/schemas/Organization™ } } },
"description": "Resources read successfully" },
"4Q0": { "Sref": "f#/components/responses/400" 1},
"4q1m: { "Sref": "#/componénts/responses/401" 1},
"4Q3": { "Sref": "#/components/responses/403" 1},
"4Q4": { "Sref": "#/components/responses/404"™ }
}
5.3.6.4 | PATCH
Every SysML block that is not abstract shall have an individual PATCH service specification.

PATCH 3
type be

ervides'are assigned to URIs that represent names used in the SysML model, where the objed
ng created is the given name of the URI. These services shall also contain the parameter “uid

—

to upda
EXAMPL

........

E1 PATCHURI:

PATCH

https://<Server Address>/Organization/{uid}

For each PATCH service, a description, summary, tag and unique operationld shall be provided.

EXAMPL

18

E2  PATCH fields for the entity “Organization”
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"description": "Updates 'Organization' objects pertaining to a uid",
"summary": "Update 'Organization' object by uid",

"tags": [ "Organization" ]

"operationId": "patch Organization uid",

The “parameters” field of PATCH services is identical in definition to the corresponding field in GET (see
5.3.6.3).

The “requestBody” field follows IEFT RFC6902 and is not detailed in this document.

HXAMPLE 3  PATCH requestBody:

"requestBody": {
"required": true,
"content": {
"application/json-patch+json": {
"schema": {"type": "array", "items": {"type": "object"}}}}},

The responses field shall specify the permitted responses from the servér;For all PATCH servjces, the
derver shall respond with one of five HTTP codes (see 5.3.7.2):

4+ 200: Object found;
+ 400: Bad request;
+ 401: Unauthorized;
+ 403: Forbidden;

1+ 404: Not found.

All responses in PATCH services shall refefénce the response in the components/responses that is
dppropriate to the HTTP codes. The “responses” field is shown below.
"responses": {
"200": { "Sref": "#/components/responses/200 PutPatch" },
"400": { "Sref": "#/compoménts/responses/400" },
"401": { "Sref": "#/cdmpbdnents/responses/401" },
"403": { "Sref": "#/c€emponents/responses/403" },
"404": { "Sref": MYeomponents/responses/404" }
}
3.3.6.5 PUT

Hvery SysMtzBlock that is not abstract shall have an individual PUT service specification.

RUT services are assigned to URIs that represent names used in the SysML model, where the object
ypelbéing created is the given name of the URI. These services shall also contain the parameter “uid”
o‘replace specific objects pertaining to that UID.

fom B e

EXAMPLE1 PUTURL:

PUT https://<Server Address>/Organization/{uid}

For each PUT service, a description, summary, tag and unique operationld shall be provided.

EXAMPLE 2 Description, summary, tags and operationld fields for the entity “Organization”:
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"description": "Replaces 'Organization' objects pertaining to a uid",
"summary": "Replace 'Organization' object by uid",

"tags": [ "Organization" ]

"operationId": "put Organization uid",

The “parameters” field of the PUT service shall be the same as the “parameters” field of the GET services

(see 5.3.6.3).

The “requestBody” field of the PUT service shall be the same as the “requestBody” field of the POST

2 L D))

service :occ S.J.U.L.J.

The “regponses” field of PUT services shall be the same as the “responses” field of the PATCH servic
(see 5.36.4).

5.3.6.6 | MATCH

D

The schema shall contain a single MATCH service specification. This service specification utilises p
POST opjeration to a specific URI.
EXAMPLE1 MATCH URI:

POST Https://<Server Address>/match
The MAJ'CH service shall have fields for description, summary, tag and operationld. The tag field shall
contain [‘Common”, the operationld field shall contain “match”, The description and summary tags arg
free text.
EXAMPLE 2  MATCH service fields:

"descyiption": " Equality matches content in¢gpayload and formats using.",

"summgry": "Match payload and return using.fermat.",

"tags"l: [ "Common" ]

"operdtionId": "match",
The “requestBody” field shall specify thatit is required. The “content” field shall contain both JSON angl

XML schemas that reference the match:request in the components/schemas field entries (see 5.3.7.3).

This requestBody “field” is shown-below.

"requgstBody": {
"rgquired": true,

"cdntent": |
"application{Jeon": {
"scherf@¥ {"Sref": "#/components/schemas/match request"}},
"applicatioen/xml": {
"s€hema": ("Sref": "#/components/schemas/match request"}}}

by

The “regpanses” field shall specify the following HTTP codes (see 5.3.7.2):

— 200: Object found;
— 400: Bad request;
— 401: Unauthorized;
— 403: Forbidden;

— 404: Not found.

All but the “200” response in GET services shall reference the response in the components/responses

that is appropriate to the HTTP codes.
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The “200” response shall reference the “components/schemas/match_response”. This “responses” field

is shown below.

"responses": {
"200": {
"content": {
"application/json": {
"schema": { "Sref": "#/components/schemas/match response" } 1},
"application/xml": {
"schema": { "S$ref": "#/components/schemas/match response" } } 1},
LS| ‘M'pki PNLLEPS LV Py S I o) P L
"400": { "Sref": "#/components/responses/400" },
"401": { "Sref": "#/components/responses/401" },
"403": { "Sref": "#/components/responses/403" },
"404": { "Sref": "#/components/responses/404™ } }

3.3.7 Field “components”

3.3.7.1 General

The “components” field contains the entities that are referenced throughout the OpenAPI sche
domponents are split into two further fields:

—  “responses”: reusable generic server responses;

+ “schemas™ the definitions of entities used in the {pequestBody” and “responseBody”
services (see 5.3.6).

3.3.7.2 Field “responses”

The responses field contains a set of reusablegeneric server responses. These are categorized aq
to their HTTP response status codes (as defined in IETF RFC7231), and either return a user me
dn ID entity that conforms to a field in the“schemas” (see 6.3.7.3).

The following HTTP response statis-¢odes and corresponding fields are used to return an app
yser message for their associated.tasks (see 5.3.6).

+ HTTP code 200:

field “200_PutPatch*-used to confirm a resource has been updated.
+ HTTP code 201:

field “201,ROST”: used to confirm a resource has been created.

+ HTTPcode 400:

field “400”: used to indicate a bad request, usually caused by a syntax error.

ma. The

fields of

cording
5sage or

Fopriate

+— “HTTP code 401:

field “401”: used to indicate an unauthorized request, the user requires an authorization token.

— HTTP code 403:

field “403”: used to indicate a forbidden request, denoting that the request was understood but the

server is refusing to fulfil regardless of authorization.
— HTTP code 404:

field “404”: used to indicate that the requested entity cannot be found.
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POST services, (see 5.3.6.2) excluding MATCH, include an “HTTP code 201" response, given by the field
“201_POST”. This response provides a response conforming to that of an ID entity schema, in both
JSON and XML, similar to that used for “HTTP code 200” responses in GET services (see 5.3.6.3). This is
defined below.

"201 POST": {

"desciption": "Resource created successfully.",
"content": {
"application/json": {
"schema": { "Sref": "#/components/schemas/ID" }},
"application/xml™: {
"schema": { "Sref": "#/components/schemas/ID" }}}}

The conjplete “responses” field is defined below.

"respdnses": {
"2(0 PutPatch": {"description": "Resource updated successfully."},
"201 POST": {"description": "Resource created successfully.",
"content": {
"application/json": {
"schema": {"S$ref": "#/components/schemas/IBM}},
"application/xml": {
"schema": {"S$ref": "#/components/schemas/ZD"}}}},
"40(Q": {"description": "Bad Request."},
"40Y": {"description": "Unauthorized." },
"403": {"description": "Forbidden."},
"404": {"description": "Not Found."}},

5.3.7.3 | Field “schemas”

5.3.7.3.1 General

ww

The “schemas” field defines the referenced schemas for the “requestBody” and “responseBody” for th
serviced.

-

There i no inheritance in JSON schema¢ Therefore, all local and inherited properties are included in
schema |entry. Subclauses 5.3.7.3.2 tg 5.3.7.3.6 define how each piece of the SysML is transformed int
the OpenAPI schema.

=4

5.3.7.3.2 Blocks

Each nop-abstract blockshall have a “definition” in the “schemas” field using the name of the block.

” o«

W

The “definition” shall’lbé of “type” “object” and shall have a single required property of the name of th
block. This required property shall have the following:

non

object";

— "type™
— “prIperties": {$href: {“$ref”: “#/components/schemas/uri"}, followed by the reference propertieg,
part properties and value properties for the block

This required property can also have the following:

"description”: The block description;

EXAMPLE1  The start of the JSON Schema for a non-abstract block called “PropertyValue” is shown below,
where the block properties are replaced by “...italic text...” in the example:
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"PropertyValue": {

"properties": {
"PropertyValue": {
"properties": {
"Shref": {"Sref": "#/components/schemas/uri"},

...properties for the block...
b
"required": [...requried...],
"type": "object"}},
"required": ["PropertyValue"],
"T'Jpr:" s "ohdect ™)

Rart properties are typed to blocks and those blocks can have subtypes that can be used in, thgir place.
Therefore, non-abstract blocks that are used for part properties and have subtypes shall have¢ a “part
definition” called {block name}Part that is “anyOf” the reference to the definition described abpve, and
references to all the “part definition” for the immediate subtypes. Non-abstract blocks that are jused for
part properties and have no subtypes reference shall have a “part definition” called {block najme}Part
that references the definition described above.

BXAMPLE 2 Block called “StringPropertyValue” used as a part property with no subtypes haq a “part
definition” called “StringPropertyValuePart” that references the “StringPropextyValue” “definition”:

"StringPropertyValuePart": {"$ref": “#/components/schem&s/StringPropertyValue"},

HXAMPLE 3  Block called “PropertyValue” used as a _<part property with one subtypef called
“StringPropertyValue” has the reference to the PropertyValue/definition” (from EXAMPLE 1) and to the “part
definition” for the immediate subtype “StringPropertyValueRart” (from EXAMPLE 2):

"PropertyValuePart": {anyOf": [
{"Sref": “#/components/schemas/PropertyValue"},
{"Sref": “#/components/sehemas/StringPropertyValuePart"}]},

\bstract blocks, including select data types stereotyped to auxiliary, that are used for part prpperties
nd have subtypes shall have a “part:definition” called {block name}Part that is “anyOf” the references
o all the “part definition” for the inlimediate subtypes.

o Q) N

BXAMPLE 4  Abstract block €alled “PropertySelect” has the references to the “part definition| for all
immediate subtypes, in this,example “PropertyValue” and “SomethingElse”, so referencing PropertyValuePart
from EXAMPLE 3) and SomethingElsePart:

"PropertySelectRPant": {"anyOf": [
{"Sref": "#/components/schemas/PropertyValuePart"},
{"Sref": “#/components/schemas/SomethingElsePart "}1]},

These “part'definition” shall be used as the reference in the part property of another block

HBXAMPELE 5  apartproperty named “MyPropertyName” referencing a “part definition” PropertySeledtPart for
the-bleck PropertySelect:

"MyPropertyName": {"items": {"S$ref": "#/components/schemas/PropertySelectPart"},
"minItems": 1,
"type": ‘larray"}

EXAMPLE 6 A fragment of the requestBody or responseBody for the above examples, showing an array of 3
items each of different type, and the outer required property of the name of the block indicating the different
item types:
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"MyPropertyName": [
{"PropertyValue": {...}},
{"StringPropertyValue": {...}},
{"SomethingElse": {...}}]

5.3.7.3.3 Enumerations

Each enpmr

[ [1dVe d d¢E
of the primitive type of literal.

“type"
EXAMPLE “definition” for the Enumeration called “PropertyValueCharacteristicEnum”:
"PropgrtyValueCharacteristicEnum": {
"gnum": ["upper bound", "lower bound", "mean", "variance", "skewness",~"kurtosis",
"step |size", "delta tolerance"],
"type": "string"}

5.3.7.3.4 References

5.3.7.3.4.1 General

Blocks tlhat are used as reference properties shall have a “reference definition” using the name of th

block fo]lowed by Reference.
EXAMPLE “reference definition” for block called “NameOfBlock”:

w

"NamedfBlockReference": {...}

The follpwing fragments of the schema show the~'reference definition” in full. Shorter JSON files can b

obtainefl by replacing the common aspects with-a reference in an allOf (see B.5.4 for details).

5.3.7.3.4.2 Non-abstract block with no’'subtypes

Every npn-abstract SysML block thathas no subtypes, shall have a required property called “Referencef’

)«

of “typel “object” with a definition-with the following common properties:

«

— “reffString”: required, tygpe’string and specified as an attribute in XML

D

"refString® Ll {"type": "string", "xml": {"attribute": true}},

o«

— ‘“refprmat’srequired, type string, an enumeration of “uuid”, “uri”, “address” or “unknown”, and sped

ifie1i as.an attribute in XML

"refFormat": {"enum": ["uuid", "uri", "address", "unknown"],
"type": "string", "xml": {"attribute": true}},

— “context”: optional, a “reference definition” for Organization without the “context” property
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"context": {
"type": "object",
"properties": {
"refString": {"type": "string", "xml": {"attribute": true}},
"refFormat": {"enum": ["uuid", "uri", "address", "unknown"],
"type": "string", "xml": {"attribute": true}},
"objectType": {"enum": ["Organization"], "type": "string",
"xml": {"attribute": true}}
}
"required": ["refString", "refFormat", "objectType"]l},

Ih addition to the common properties, the definition shall have the following property specifjc to the
hlock:
+ ‘“objectType: required, a string enumeration with a single choice that is the name of the Blpck, and
specified as an attribute in XML
"objectType": {"enum": ["NameOfBlock"], "type": "string",
"xml": {"attribute": true}}},
The complete “reference definition” is shown below, where the andy“variable is shown in bgld text
format:
"NameOfBlockReference": {
"type": "Object"’
"properties": {
"Reference": {
"type" . "Obj ect" ,
"properties": {
"refString": {"type": "string",\"Xml": {"attribute": true}},
"refFormat": {"enum": ["uuid";Yuri", "address", "unknown"],
"type": "string', "xml": {"attribute": true}},
"context": {
"type": "Object",
"properties": {
"refString": AY&ype": "string", "xml": {"attribute": true}},
"refFormat": \{’enum": ["uuid", "uri", "address", "unknown"],
"type": "string", "xml": {"attribute": true}},
"objectIlype": {"enum": ["Organization"], "type": "string",
"xml": {"attribute": true}}
}
"requited": ["refString", "refFormat", "objectType"]},
"objectTyp®": {"enum": ["NameOfBlock"], "type": "string",
"xml": {"attribute": true}}},
"requirned": ["refString", "refFormat", "objectType"]}},
"require@+" ["Reference"]}
§.3.7.3.4.3 Non-abstract block with subtypes
Hvepy non-abstract SysML block with subtypes shall have a “reference definition” that is “anyOf” the

«

«

EXAMPLE

reference definition” as described for a block with no subtypes above, followed by references to the

reference definitions” of all the immediate subtypes.

The block “Organization” has a subtype “Team”, the “reference definition” for “Organization”

is anyOf a “Reference” for “Organization” or a “Reference” for “Team” where the latter is a reference to the

«

reference definition” “TeamReference”:
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"OrganizationReference": {
"anyOf": |
{"type": "object",
"properties": {
"Reference": {"type": "object",
"properties": {
"refString": {"$ref": “#/components/schemas/string"},
"refFormat": {"enum": ["uuid", "uri", "address", "unknown"],
"type": "string"},
"context": {...see above...},
"oho ectTypel - {"enym" - F"Organi zation"]1}
"required": ["refString", "refFormat", "objectType"l}},
"lrequired": ["Reference"]},
{"|$ref": “#/components/schemas/TeamReference"}]}

5.3.7.3.4.4 Abstract blocks

Every apstract block, including auxiliary blocks shall have a “reference definition®-that is “anyOf{’
referenges to the “reference definition” of the immediate subtypes.

EXAMPLE The abstract block “ActorSelect” has subtypes of “Person” and ““Organization”, so thp
ActorSelpctReference “reference definition” is anyOf “PersonReference” and “OrganziationReference”:

"ActonSelectReference":

{"anydf": [
{"Sref": "#/components/schemas/PersonReference"},
{"Sref": "#/components/schemas/OrganizationReference"}]}

5.3.7.3.4£.5 Reference usage

The refdrence properties in the “definition” for the SysML Block shall reference the “reference definition”
for the lype of the property either directly or as an\array.

EXAMPLUE 1  “definition” for block “Organization® showing a reference property called “CreatedBy” of typ
“ActorSe|ect” that references “ActorltemReference”, and a reference property called “InOrganization” of typ
“Organization” that references “OrganizatiofiReference”:

W

"Orgarjization": {
"prgperties": {
"QreatedBy": {"Sref": “§Jcomponents/schemas/ActorSelectReference"},
"InOrganization”: {
"items": {"Srefley"#/components/schemas/OrganizationReference"},
"minTtems": 1
"type": "array"},

EXAMPLE 2  Afragment of the requestBody or responseBody for EXAMPLE 1:

"Orgarjization": {
"cr MJ— dBj". ["P f X =% ". ["L fsJ_LiJA\j"u " 10 /l 1 = f\’)l"l 1E'7f\’)f\/l’)fl:(‘\71 il ~SoXe] '7 1(‘\!: 11
"I
"refFormat": "uuid"
"objectType": "Person"}},
"InOrganization":
[{"Reference": {"refString": " 18 4 1 271a0567 1580742703279 359329 71983",
"refFormat": "uuid",
"objectType": "Organization"}},
{"Reference": {"refString": " 18 4 1 1b310459 1582622003921 975386 55961",
"refFormat": "uuid",
"objectType": "Organization"}}],
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5.3.7.3.5 Properties

5.3.7.3.5.1 General

Block properties shall be included in the “properties” field of the single required property of the name
of the block, after the “$href” property. The field uses the name of the block property.

EXAMPLE The start of the JSON schema for a non-abstract block called “PropertyValue” is shown below. It
has a single required property “PropertyValue” with a “properties” field, the first of which is “$href”. It shows

ne property “MyName” with the definition hidden. The other block properties are hidden by “..properties for the
Rlock...”:

"PropertyValue": {

"properties": {
"PropertyValue": {
"properties": {
"Shref": {"Sref": "#/components/schemas/uri"},

"MyName": {...property definition...},
...properties for the block...

by
...more fields...

5.3.7.3.5.2 Inherited properties

There is no inheritance in JSON schema. Therefore, the properties of all super-types (including their
quper-types recursively) shall be included in the definition.

Inherited properties that are redefined in a subtype shall not be included.

NOTE The SysML model does not have properties.with duplicate names in sub-types that are not r¢defined.
If there are duplicate names that are not redefined,this is an error in the SysML model.

5.3.7.3.5.3 Mandatory properties

All mandatory properties are inchided in the “required” field. This includes mandatory prpperties
defined in the super-types (recutsive).

HXAMPLE shown in boldtext format, the “required” field lists the members of the “properties” field that
dre mandatory for the block {Organization” and all its super types:

"Organization": 4

"properties": (...},
"required" ;~ [\/CreatedBy", "CreatedOn", "Identifiers", "LastModified", "ModifiedBy"|],
"type": "Object"}

3.3.7.3.5.4 Array properties

Properties with the multiplicity upper bound greater than 1 shall be defined with the field “type” set to
“array” and the field “minltems” set to 1.

The field “items” for a block reference property shall reference the entity “reference definition” (see
5.3.7.3.4), for block encapsulated properties shall reference the entity “definition” (see 5.3.7.3.2 and
5.3.7.3.3).

4

EXAMPLE An encapsulated property called “MyPropertyValue” has a “type” of “array” with the field “items’
referencing the “definition” from component/schemas and the field “minltems” set to 1:
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"MyPropertyValue": ({
"items": {"Sref": "#/components/schemas/PropertyValue"},
"minItems": 1,
"type": "array"}
5.3.7.3.5.5 Primitive properties

It is recommended that the primitive properties are defined at the end of the components/schemas. The
primitive components/schemas “definition” are shown below.

"booldan": { "type": "boolean"},
"dateTlime": {"format": "date-time", They are referenced in the property definition(inm
the sgme manner
"type": "string"},
"inteder": {"type": "integer"},
"logidal": {"enum": ["false","true","unknown" ],
"type": "string" 1},
"real'l: {"type": "number"},
"string": {"type": "string"},
"uri": {"format": "uri",
"type": "string"},
"ID": [{"pattern": "[ A-Za-z][- A-Za-z0-9]*",
"type": "string"},

They arp referenced in the property definition in the same mafiner as any other “definition” schemp
referenge.

EXAMPLE Three properties that reference the primitive types.

"CreatledOn": {"Sref": "#/components/schemas/dateTime"},
"Text": {"Sref": "#/components/schemas/stritg"},
"Href": {"Sref": "#/components/schemas/urdi"}

5.3.7.3.5.6 Inverse composite aggregation properties

W

The excgptions to the above rules are.when an inverse composite aggregation is used. In SysML, thes
are displayed as an arrow with thié\black diamond at the same end as the arrowhead (see Figure 5). 1
SysML, these dictate that “1” has a reference property of type “2”, and “1” is contained in “2”. In STE
they ar¢ always accompani€d)by one or more directed association for “relationship-like” blocks an
have a multiplicity of 1.

oo

X
I o= > 2

Figure 5 — Inverse composite aggregation

These shall be added as encapsulated properties to the “definition” of the “containing” block referencing
the “part definition”. The name of the property shall be the name of the contained block. The block that
is not the “containing” block shall not include the property.

EXAMPLE1 In Figure 6, the InvCompTest attribute “Relating” is an inverse composite aggregation, and the
“Related” the accompanying directed association which happens to point to the same block.
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Figure 6 — Example of inverse composite aggregation

XAMPLE 2 Theresultant JSON schema for EXAMPLE 1 is shown below. The “containing” block is “Blo
his has a property called “InvCompTest” that is an array where the field “items” references the “part dg
#/components/schemas/InvCompTestPart”. The “definition” for block “InvCompTest” includes a

Related” that is a reference to the “reference definition” "#/components/schemas/BleckTESTReference
otinclude a “Relating” property.

CKTEST”.
finition”
property
" It does

"InvCompTest": {
"properties": {
"InvCompTest": {
"properties": {
other properties ...
"Related": {"S$Sref": "#/components/schemasyBlockTESTReference"},
other properties not including Relating ...

"BlockTEST": {
"properties": {
"BlockTEST": {
"properties": {
other properties ...
"InvCompTest": {"items": {"S$¥ref": "#/components/schemas/InvCompTestPart"}
"minItemg®y 1,
"type"swllarray"},
other propertiesi\\J.

"InvCompTestPart": {
"anyOf" & \[
{"(Shef": "#/components/schemas/InvCompTest"},
{"Stef": "#/components/schemas/InvCompTestRedefinedPart"}]},

.3.7.3.6 Match

.3.7.3.6.1 ~match_request

'he “definition” match_request is referenced by the MATCH requestBody (see 5.3.6.6). It shall i
roperties, “match” and “format” where only “match” is “required”. Both shall reference the sar

ave two
he block

definition” for “anyOf” the non-abstract blocks.

EXAMPLE

The “match_request” “definition” showing “anyOf” for two non-abstract blocks, where the

options in the “anyOf” have a required “match” property and a “format” property, both referencing the same
block “definition”:
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"match request": {
"anyOf": [
{"properties": {
"match": {"Sref": "#/components/schemas/Organization"},
"format": {"S$ref": "#/components/schemas/Organization"}},
"required": ["match"],
"type": "object"},
{"properties": {
"match": {"Sref": "#/components/schemas/Person"},
"format": {"Sref": "#/components/schemas/Person"}},
"rmqﬂirtzd"' ["match'™]
"type": "object"},
{...all other non-abstract blocks...}
1}

5.3.7.3.6.2 match_response

=

The “definition” match_response is referenced by the MATCH responseBody (see 5.3.6.6). It shall be a
array that may be empty. The array is of one type of object where that type shall be “anyOf” the non
abstract blocks.

EXAMPLE “match_response” “definition” showing “anyOf” arrays that reference the “definition” for twp
non-abstract blocks:

"match response": {

"anyOf": |

{"items": {"Sref": "#/components/schemas/Organizagion"},

"minItems": O,
"type": "array"},
{"items": {"Sref": "#/components/schemas/Perged'},
"minItems": O,
"type": "array"},
{.]..other non-abstract blocks...}
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Annex A
(normative)

Information object registration

V = C O cl
O

dbject identifier is assigned to this document:
{iso standard 10303 part(18) version(1)}
The meaning of this value is defined in ISO/IEC 8824-1, and is described in ISO 10303-1.

pllowing
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Annex B
(informative)

SysML to OpenAPI - Canonical XMI and equivalent in OpenAPI
JSON schema

.1 Overview conventions and assumptions.

.1.1 General

his annex uses fragments to illustrate the transformation mapping to OpenAPI J[SON Schema from
e corresponding STEP data modelled in SysML, and physically stored in Canonical XMI (CXM[) file as
etailed in 5.3.

Ik is assumed that these languages are understood so they are not explained.

.1.2 Presentation conventions

Hor ease of identification, the fragments of canonical XME(CXMI) and JSON are presented in §eparate
hoxes:

BXAMPLE1 CXMIand ]JSON presented in separate boxes:

CXMI:

JSON:

The items significant to support the explanations are formatted using text effects to aid the ident|fication
df the equivalent itemisiin the CXMI and JSON fragments. When there is more than one significgnt item,
different text effects-are used for the different items. The following text effects are used:

+ bold;
+ undexlined;
+ ix ff

Curly brackets“{xxx}are usedimthe CXM{ragmentstocontaimdescriptive words of threcomtent of the
resulting JSON. Triple dots “...” are used to hide content not relevant to a fragment. These can contain a
description of what is hidden using italic text effect.

EXAMPLE 2  Usage of bold and italic text effect to ease the identification of the significant items, and the
usages of descriptive triple dots and curly brackets (only in the CXMI).
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CXMI:

<packagedElement xmi:id="{...}" xmi:type="uml:Class">
<name>NameOfBlock</name>
...other tags...

</packagedElement>

...other blocks...

JSON for tag

JSON:

{"namd": "NameOfBlock"},
...0tHer name ...

B.1.3 Lommon mapping conventions

B.1.3.1| Assumed sysml:Block in fragments

—

For all the fragments that refer to block, the following shows how a block {s'defined in the Canonic3
XMI. Thiis is not repeated in the remaining fragments, where only xmi : £ype="uml:Class” is include
and thel|sysml:Block is assumed.

—

Canonidal XMI: Block

CXMI:

<sysmll:Block xmi:id="{...}" xmi:uuid="{...}">
<Hase_Class xmi:idref="{umlid}"/>
</sygml:Block>

<packggedElement xmi:id="{umlid}" xmi:uuid=%{...}" xmi:type="uml:Class">
...0tHer tags...
</pacKagedElement>

B.1.3.2 | Reference to external files

19°)

All the fpeferences in the SysML Canonical XMI fragments are given as xmi:idref that assumes th
referenged element is contained-in the same XMI file. When the referenced element is in a different XM
file, the href is used instead. ‘This is the case for all reference to primitives and can be the case for othe
referenges.

o S

Canonidal XMI: type¢hrér relative reference to element with xmi : id "STRING” in DataTypes.xmi

CXMI:

<ownedAttxibute xmi:id="{...}" xmi:uuid="{...}" xmi:type="uml:Property">
<ngnmeSTrext</name>
<type hrer="../../../DataTypes . xmifiSTRING"
...other tags...

</ownedAttribute>

Canonical XMI: general nref relative reference to element in another XMI file with xmi:id “_18_4_1_8e0
01ed_1504250730055_679435_26318"
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CXMTI:
<packagedElement xmi:id="{...}" xmi:uuid="{...}" xmi:type="uml:Class">
<name>DateTimeAssignment</name>
<generalization xmi:id="{...}" xmi:uuid="{...}" xmi:type="uml:Generalization">
<general href="../../Core_model/RequirementManagement/RequirementManagement.xmi# 1

8 4 1 8e00led_1504250730055_679435_26318"/>
</generalization>
...other tags...
</packagedElement >

I|F.1.3.3 Used stereotypes to represent STEP concepts
Two existing UML stereotypes are used to represent specific STEP concepts:

4<Auxiliary>> stereotypes represent select data type objects. Select data objeetSare represented as
bstract Blocks in SysML.

Q)

4<Type>> stereotypes represent two specific types of blocks:

— blocks that represent list of lists;

— block that represents value type in order to be able to include them as member in select dpta type
objects.

B.1.3.4 Xmi:id, xmi:uuid, and UUID

o

\ Canonical XMI file uses xmi:id value to make references between all kinds of element. The [value of
¥mi:id can be used in an xmi:idref attribute.

Hach element in the Canonical XMI has assmi:uuid (UUID). They are not used in the inapping
transformations so they are not shown in thefragments.

B.2 Field “tags” for all non-abstract blocks

The following shows the Canonical XMI for a non-abstract block (shown by the abdgence of
isAbstract>true</isAbstfact>) and the JSON for the tag. For each, the only variable that chpnges is
the name of the block (see'5.3.5 for an explanation).

(anonical XMI: non-abstract block

CXMI:

<packagedBEkement xmi:id="{...}" xmi:type="uml:Class">
<narnfe >NameOfBlock</name>
. .Sother tags...

< /patkagedElement>

JSONTor tag

JSON:

{"name": "NameOfBlock"},

B.3 Field “paths”

B.3.1 General

The “paths” field contains the web service end points (see 5.3.6 for the definition).
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B.3.2 Abstract blocks

When a block is abstract=true, there are no endpoints:

CXMI:

<packagedElement xmi:id="xxxIDxxx"
<name>NameOfAbstractBlock</name>
<isAbstract>true</isAbstract>

other tags

ARl .

xmi:type="uml:Class">

</pacl

o CC T TeeITT

B.3.3

The following shows the Canonical XMI for a non-abstract block where it does “not havg
ract>true</isAbstract>. It shows the JSON for the endpoints for GET, PUT and PATCH. Fo
b only variable that changes is the name of the block (see 5.3.6 for the definition).

<isAbst
each, th

Canonid

Blocks that are not abstract

h] XMI: non-abstract block

CXMI:

<na

</pacK

e>NameOfBlock</name>

Jother tags...

agedElement>

<packggedElement xmi:id="xxxIDxxx" xmi:type="uml:Class">

JSON schema: GET, PUT and PATCH endpoints for Blocks thatare not abstract

36
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JSON':

" /NameOfBlock/{uid}": {

"get": {"description": "Returns 'NameOfBlock' objects pertaining to a uid.",
"operationId": "get NameOfBlock uid",
"parameters": [{"description": "The uid of the object to be returned.",
"example": " 18 4 1 1b310459 1511445569604 398628 32624",
"in": "path",
"name": "uid",
"required": true,
"gchema: ("Syroft. Wi components schemag/TD"™ 11 1
"responses": {"200": {"content": {
"application/Jjson":
{"schema": {"S$ref": "#/components/schemas/NameOfBlock"}},
"application/xml":
{"schema": {"Sref": "#/components/schemas/NameOfBlock"}} N,
"description": "Resources read successfully"},
"400": {"Sref": "#/components/responses/400"}(
"401": {"Sref": "#/components/responses/4011})
"403": {"Sref": "#/components/responses/403%},
"404": {"Sref": "#/components/responsess404"}},
"summary": "Return 'NameOfBlock' object by uid.",
"tags": ["NameOfBlock"]},
"patch": {"description": "Updates 'NameOfBlock' objectspertaining to a uid.",
"operationId": "patch NameOfBlock uid",
"parameters": [{"description": "The uid of s£he object to be updated.",
"in": "path",
"name": "uid",
"required": true,
"schema": {"S$ref": <\ /components/schemas/ID"}}],
"requestBody": {"content": ({
"application/json-patch+json'ys
{"schema": {"type": "arfay", "items": {"type": "object"}}}},
"required": trte},
"responses": {"200": {"$ref£" "#/components/responses/200 PutPatch"},
"400": {"Snre&f": "#/components/responses/400"},
"401": {Sref": "#/components/responses/401"},
"403": \*Sref": "#/components/responses/403"},
"404"NH{"Sref": "#/components/responses/404"}},
"summary": "UpdateN'NameOfBlock' object by uid.",
"tags": ["NameOfBlock"]},
"put": {"description": ("Replaces 'NameOfBlock' objects pertaining to a uid.",
"operationId!'N'put NameOfBlock uid",
"parameterg!\: J[{"description": "The uid of the object to be replaced.",
"in": "path",
"name": "uid",
"required": true,
"schema": {"$ref": "#/components/schemas/ID"}}],
"neguestBody": {"content": {
"application/json":
{"schema": {"Sref": "#/components/schemas/NameOfBlock"}},
"application/xml":
{"schema": {"Sref": "#/components/schemas/NameOfBlock"}}},
"required": true},
"responses": {"200": {"$ref": "#/components/responses/200 PutPatch"},
"AQQM". (VS fM. U4 ﬂmmpmﬂoﬂ‘r respaonse Aﬂﬁ"l'
"401": {"Sref": "#/components/responses/401"},
"403": {"Sref": "#/components/responses/403"},
"404": {"Sref": "#/components/responses/404"}},
"summary": "Replace 'NameOfBlock' object by uid.",
"tags": ["NameOfBlock"]}},

B.3.4 Blocks that are not encapsulated

The following shows the Canonical XMI for a block that is encapsulated. For blocks that do not have this,
the JSON for the endpoints for POST is shown (see 5.3.6.2 for the definition).

Canonical XMI: encapsulated block

© IS0 2021 - All rights reserved

37


https://standardsiso.com/api/?name=2bce4a9c9ad4226ed856cce7b6fbe332

ISO/TS 10303-18:2021(E)

CXMI:

<packagedElement xmi:id="xxxIDxxx" xmi:type="uml:Class">
<name>NameOfEncapsulatedBlock</name>
...other tags...

</packagedElement>

<packagedElement xmi:id="{...}" xmi:type="uml:Class">
<name>NameOfOtherBlock</name>
<ownedAttribute xmi:id="{...}" xmi:type="uml:Property">

<visibility>public</visibility>
<type xmi:idref="xxxIDxxx"/>
<aggregation>composite</aggregation>
</dwnedAttribute>

...lother tags...

</pacKagedElement>

JSON schema: POST endpoint for blocks that are not encapsulated

JSON:

"/NamgOfBlock": {
"poqt": {"description": "Creates new 'NameOfBlock' objects.",
"operationId": "post NameOfBlock",
"requestBody": {"content": {
"application/Jjson"™: {
"schema": {"$ref": "#/components/schemas/NameOfBlock"}},
"application/xml": {
"schema": {"Sref": "#/componentsiSchemas/NameOfBlock"}}},
"required": true},
"responses": {
"201": {"Sref": "#/components/responses/201 POST"},
"400": {"$Sref": "#/components/regponses/400"},
"401": {"Sref": "#/components,/rgsSponses/401"},
"403": {"Sref": "#/components)responses/403"},
"404": {"Sref": "#/components/responses/404"}},
"summary": "Create a new 'NameOfBlock' object.",
"tags": ["NameOfBlock"]}},

» «

B.4 Fjeld “components” “reSponses”

All but the GET 200 response.areccommon so not dependent on the SysML canonical XMI (see 5.3.7.2 fof
the definition).

JSON schema: common-réesponses

JSON:
"respdnsestan
"2(0 _PutPatch": {"description": "Resource updated successfully."},
"201&POST": {"content": {
PP Lication/ JSonm T ¢
"example": " 18 4 1 1b310459 1511445569604 398628 32624",
"schema": {"S$ref": "#/components/schemas/ID"}},
"application/xml": {
"example": " 18 4 1 1b310459 1511445569604 398628 32624",
"schema": {"Sref": "#/components/schemas/ID"}}},
"description": "Resource created successfully."},
"400": {"description": "Bad Request."},
"401": {"description": "Unauthorized." },
"403": {"description": "Forbidden."},
"404": {"description": "Not Found."}},
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»” «u

B.5 Field “components” “schemas”

B.5.1 General

» o«

The “components
needed by the services (see 5.3.7.3 for the definition).

B.5.2 Block schema content

021(E)

schemas” field contains the schemas for the blocks, enumerations and references

B.5.2.1 General

This subclause provides fragments of JSON schema entry for SysML blocks (see 53:23.2
definition).

B.5.2.2 Common for non-abstract blocks

The following shows the Canonical XMI for a non-abstract block Wwhere it does n
isAbstract>true</isAbstract>. It shows the JSON for the “component/schemas” field for th
Hor this content fragment, the only variable that changes is the name-of the block (see 5.3.7.3.]
definition).

(anonical XMI: non-abstract block

for the

bt have
e block.
p for the

CXMI:

<packagedElement xmi:id="xxxIDxxx" xmi:type="uml:Class">
<name>NameOfBlock</name>
...other tags excluding isAbstract truea~.s
</packagedElement>

SON schema: Common fragment of compenent > schemas for all non-abstract blocks. The pr
pr the block are detailed in B.5.2.3.

—

bperties

JSON:

"NameOfBlock": {
"properties": {
"NameOfBlock" : ~
"propertiesW {
"Shref"; {"Sref": "#/components/schemas/uri"},
. Joroperties for the block...
b

"reggquired": [...],
"type": "object"}},

"reguired": ["NameOfBlock"],

"type": "object"},

B.5:2.3 Properties to be included

B.5.2.3.1 General
The properties in the JSON schema shall:
— belisted alphabetically;
— include properties that are:
— public

— local to the block;

© IS0 2021 - All rights reserved
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local to all supertypes of the block;

inverse composite aggregation properties.

— notinclude properties that are:

visibility private;
visibility protected;

rnr]nfinnr];

— |read only.
See 5.3.1.3.5 for the definition.
B.5.2.3.2 Local public properties
The following shows the Canonical XMI for a local public property where™it" does not havg
<visibiflity>private</visibility> OI' <visibility>protected</visibility>«
Canonical XMI: local public properties
CXMT :
<ownedAttribute xmi:id="{...}" xmi:type="uml:Property">
<ngme>PropertyName</name>
...Jother tags that are not <visibility>private or protected</visibility>...
</owngdAttribute>

JSON schema: local public properties

JSON:

"propdg
"Prop
. og

rties": {
ertyName": {...},
her properties ...}

B.5.2.3.

The following shows the fragment of Canonical XMI for a block with a super-type, followed by th

fragmer
block al

Inherite

NOTE
are notr

B Inherited properties

T

t for that super-type block with a local public property. The fragment shows the super-typ
50 has a super-type, so recursion is required to locate all the inherited properties.

d propertiesthat are redefined shall not be included (see B.5.2.3.4).

All prepérties with duplicate names in sub-types that are redefined. If there are duplicate names thqt
edefined, this is an error in the SysML model.

Canoni

ILXMI-inherited nronerties
rP°r

40
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CXMI:
<packagedElement xmi:id="{...}" xmi:type="uml:Class">
<generalization xmi:id="{...}" xmi:type="uml:Generalization">

<general xmi:idref="xxxIDxxx"/>
</generalization>
other tags
</packagedElement>

<packagedElement xmi:id="xxxIDxxx" xmi:type="uml:Class">
qgeneralization mi-jid="/{ 1" mi -t pp:"nm'l cGCeneralization"

<general xmi:idref="yyyIDyyy"/>
</generalization>
<ownedAttribute xmi:id="{...}" xmi:type="uml:Property">
...other tags that are not <visibility>private or protected</visibidity>...
</ownedAttribute>
other tags
</packagedElement>

The JSON schema is the same as the local public properties (see B.5.2.3.2),
B.5.2.3.4 Redefined properties
Redefined properties shall not be included in the JSON. The following shows a property id="xx

decond property is for a different block that is a super-type{of the first block.

rhodel.

NOTE 2  The property that redefines another property is usually in a super-type block.

NOTE 3  The property names are usually the:same but this is not mandated.

drror in the SysML model.

(anonical XMI: redefined properties

x[Dxxx”
dalled “Relating” that redefines a second property id="xxxOtherIDxxx” also called “Relatipg”. The

NOTE1 The property that is being redefined is in a super<type block. If it is not, this is an error in the SysML

NOTE4 Inherited properties of the same.name as a local property are redefined. If they are not, fhis is an

CXMI:

<ownedAttribute xmi~1d="{...}" xmi:type="uml:Property">
<name>Relating</name>
<redefinedProperty xmi:idref="xxxOtherIDxxx"/>
other £ags
</ownedAttpribute>

<ownedAftribute xmi:id="xxxOtherIDxxx" xmi:type="uml:Property">
<namesRelating</name>

other tags
</OownedAttribute>

B.5.2.3.5 Read only properties

Read only properties shall not be included in the JSON where the property has <isreadonly>true </

isReadOnly>.

Canonical XMI: read only properties

© IS0 2021 - All rights reserved
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CXMI:

<ownedAttribute xmi:id="{...}" xmi:type="uml:Property">
. other tags ...
<isReadOnly>true</isReadOnly>
. other tags ...
</ownedAttribute>

B.5.2.3.6 Inverse composite aggregation properties

Figure 11371 shows the block definition diagram for a named inverse composite aggregation propert
used in this fragment.

~

<<bl

ock>>
InVCoryaT/_- Include part property

“RelatingName” [0..*] in

RelatlngN e “BlockTEST”
1
Related ¢ Relating Exclude reference @}rty
<<bloék§>r_/ “Relating” [1] fr
BlockTES “InvCompTest;\

Figure B.1 — Block definition diagram of inverse/composite aggregation

o

The follpwing shows how to identify if a property of a blocKiis an inverse composite aggregation and s
shall belexcluded.

An ownefdattribute has a referenced association thdt has an ownedend (of the same type as the block
that hafan aggregation composite.

Canonicdal XMI: inverse composite aggregation properties to be excluded
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CXMI:

<packagedElement xmi:id="xxxID Bl xxx" xmi:type="uml:Class">

<name>InvCompTest</name>
<ownedAttribute xmi:id="xxxID P xxx" xmi:type="uml:Property">

<name>Relating</name>

<type xmi:idref="xxxID B2 xxx"/>

<association xmi:idref="xxxID A xxx"/>

...other tags that are not <visibility>private or protected</visibility>...
</ownedAttribute>

other tag

</packagedElement>

<packagedElement xmi:id="xxxID A xxx" xmi:type="uml:Association">
<memberEnd xmi:idref="xxxID P xxx"/>
<memberEnd xmi:idref="xxxID OE xxx"/>
<ownedEnd xmi:id="xxxID OE xxx" xmi:type="uml:Property">
<type xmi:idref="xxxID Bl xxx"/>
<aggregation>composite</aggregation>
<association xmi:idref="xxxID A xxx"/>
...other tags that are not <visibility>private or proteci#ed</visibility>...
</ownedEnd>
</packagedElement>

<packagedElement xmi:id="xxxID B2 xxx" xmi:type="uml:Class">
<name>BlockTest</name>
...other tags...

</packagedElement>

The following shows how to identify if there is an inverse composite aggregation property that
included for the block:

4+ an ownedkEnd of xmi:type="uml:Property" has an aggregation composite and does 1

effect);

property that references thelsame association (underline text effect);

1 if the ownedEnd has a nafie(for the fragments this is “RelatingName”), then this shall be the
the property, otherwise’name of the property is name of the block that is the type of the d

(bold and underlinetext effect).

(anonical XMI: inverse composite aggregation properties to be included

shall be

ot have

visibility private Or protected indicates there is an inverse composite aggregation (bold text

+ the block for which the property is to be included is the type of the cwnedattribute of sqmi:type

name of
wnedkEnd

© IS0 2021 - All rights reserved
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CXMI:

<packagedElement xmi:id="xxxID A xxx" xmi:type="uml:Association">
<memberEnd xmi:idref="xxxID P xxx"/>
<memberEnd xmi:idref="xxxID OE xxx"/>
<ownedEnd xmi:id="xxxID OE xxx" xmi:type="uml:Property">
<name>RelatingName</name>
<type xmi:idref="xxxID Bl xxx"/>
<aggregation>composite</aggregation>
<association xmi:idref="xxxID A xxx"/>
other tag that are not isibilityy prw' ate or prrﬁ-tz("fpd visibilit
</dwnedEnd>
</pacHagedElement>

<packggedElement xmi:id="xxxID B2 xxx" xmi:type="uml:Class">
<ngme>BlockTest</name>

...Jother tags...

</pacKagedElement>

<packggedElement xmi:id="xxxID Bl xxx" xmi:type="uml:Class">
<name>InvCompTest</name>
<owrfedAttribute xmi:id="xxxID P xxx" xmi:type="uml:Property">
<rfame>Relating</name>
<fype xmi:idref="xxxID B2 xxx"/>
<gssociation xmi:idref="xxxID A xxx"/>
..J].other tags that are not <visibility>private or protected</visibility>...
</ownedAttribute>
...dther tags...
</pacKagedElement>

In the fqllowing fragments, the property is explained in more detail in B.5.2.4. However, the content @
the “srdf” is always an xxxPart because it is a composite;property.

JSON schema: inverse composite aggregation named-property

JSON:

"BlocHTEST": {
"prgperties": {
"HlockTEST": {
"properties": {
...other properties(..).
"RelatingName": ({

"items": {M§ref": "#/components/schemas/InvCompTestPart"},
"minItemg® "1,
"typell: "array"},

JSON schema: inverse_composite aggregation unnamed property

JSON:

"BlocHTESTY : {
"praperties": {
"BlockTEST": {
"properties": {
...other properties...
"InvCompTest": ({

"items": {"S$ref": "#/components/schemas/InvCompTestPart"},
"minItems": 1,
"type": "array"},
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B.5.2.4 Property content

B.5.2.4.1 General

Subclauses B.5.2.4.2 to B.5.2.4.5 explain how to handle properties that are:

— individuals or arrays;

— primitives, parts or references.

]iB.S.ZA-.Z Understanding multiplicity in the SysML Canonical XMI

In the SysML canonical XMI, the multiplicity is specified with the tags 1owervalue and uppgrvalue.
These can be contained in ownedattribute or ownedtnd. The types of multiplicity used@re (11, [0..1],
0..%], [1..%], [n..*], [n..m].
The Canonical XMI rules are as follows.
1+ When there is no 1owervalue specified the multiplicity lower value is(
+  When there is a 1owervalue, but no inner value tag, the multiplicity lower value is 0.
1+ When thereisa lowervalue,and an inner value tag, the multiplicity lower value is the content of the
value tag.
+  When there is no uppervalue specified the multiplicity upper value is 1.
1+ When there is an upper uppervalue there shall also.be an inner value tag, and the multiplicify upper
value is the content of the value tag.
(anonical XMI: property with multiplicity of [&]
CXMT :
<ownedAttribute xmi:id="{...}" xmi:type="uml:Property">
<name>{...}</name>
...other tags that are not/<visibility>private or protected</visibility>...
...other tags not <lowerValue></lowerValue> or <upperValue></upperValue>...
</ownedAttribute>
(anonical XMI: property-with multiplicity of [0..1]
CXMT :
<ownedAttriute xmi:id="{...}" xmi:type="uml:Property">
<namex{...}</name>
...O0tWer tags that are not <visibility>private or protected</visibility>...
<lowerValue xmi:id="{...}" xmi:type="{...}"/>
. ».other tags not <upperValue></upperValue>...
</OwnedAttribute>
Canonical XMI: property with multiplicity of [0. . ]
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CXMI:

<ownedAttribute xmi:id="{...}" xmi:type="uml:Property">
<name>{...}</name>
...other tags that are not <visibility>private or protected</visibility>...
<lowerValue xmi:id="{...}" xmi:type="{...}"/>
<upperValue xmi:id="{...}" xmi:type="{...}">
<value>*</value>
</upperValue>
...other tags...
</ownedAttribute

Canonicpl XMI: property with multiplicity of [1..*]

CXMI:
<ownedAttribute xmi:id="{...}" xmi:type="uml:Property">
<ngme>{...}</name>
Jother tags that are not <visibility>private or protected</visibility>...
...| other tags not <lowerValue></lowerValue>...
<ugperValue xmi:id="{...}" xmi:type="{...}">

<value>*</value>
</luppervValue>
...Jother tags...
</owngdAttribute>

Canonidal XMI: property with multiplicity of [n..*] wheren =2

CXMI:
<ownedAttribute xmi:id="{...}" xmi:type="uml:Prdperty">
<ngme>{...}</name>
... other tags that are not <visibility>pxfivate or protected</visibility>...
<JjowerValue xmi:id="{...}" xmi:type="{=.}">
dvalue>2</value>
</|[lowerValue>
<ugperValue xmi:id="{...}" xmi:types"{...}">
<value>*</value>

</lupperValue>
...Jother tags...
</owngdAttribute>

Canonicpl XMI: property with multiplicity of [n..m] wheren=2andm=3

CXMI:

<ownedAttribute(mmi:id="{...}" xmi:type="uml:Property">
<ngme>{ .. ,¥<Yname>
... Jotherstags that are not <visibility>private or protected</visibility>...
<lJowerValue xmi:id="{...}" xmi:type="{...}">
<value>2</value>
</llowerValue>
<upperValue xmi:id="{...}" xmi:type="{...}">
<value>3</value>
</upperValue>
...other tags...
</ownedAttribute>
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B.5.2.4.3 Individual properties

A single value is when the upper value of the multiplicity is 1 (see Understanding multiplicity in
B.5.2.4.2). The control of whether this is a mandatory property is governed by the field "required ":
(see B.5.2.5).

NOTE The content of $ref in the JSON schema fragment is explained in B.5.2.4.5.

Canonical XMI: property with multiplicity (1]

CXMTI:

<packagedElement xmi:id="{...}" "xmi:type="uml:Class">
<name>BlockTEST</name>
<ownedAttribute xmi:id="{...}" xmi:type="uml:Property">

<name>SingleProperty</name>

...other tags not <lowerValue></lowerValue> or <upperValue></uppefValue>...
</ownedAttribute>

</packagedElement>

(anonical XMI: property with multiplicity (0. .1}

CXMI:
<packagedElement xmi:id="{...}" "xmi:type="uml:Class{'>
<name>BlockTEST</name>
<ownedAttribute xmi:id="{...}" xmi:type="uml:PrAoperty">
<name>SingleProperty</name>
<lowerValue xmi:id="{...}" xmi:type="{...3"/>
...other tags not <upperValue></upperValue>...
</ownedAttribute>
</packagedElement>

JSON schema: Property with multiplicity of 117 or [0..1]

JSON:

"BlockTEST": {
"properties": {
"BlockTEST": {
"properties": (
...other.properties...
"SingleRroperty": {"S$ref": "#/components/schemas/..."},
...other_pfoperties...

tiplicity

reeded.

The value of "minItems": shall be at least 1 so the array always has content. The control of whether
there is an array or not is governed by the field "required ": (see B.5.2.5).

NOTE 2  The content of $ref in the JSON schema fragment is explained in B.5.2.4.5.

Canonical XMI: property with multiplicity (0. .*]
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CXMI:

<packagedElement xmi:id="{...}" xmi:type="uml:Class">
<name>BlockTEST</name>
<ownedAttribute xmi:id="{...}" xmi:type="uml:Property">
<name>Context</name>
...o0ther tags...
<lowerValue xmi:id="{...}" xmi:type="{...}"/>
<upperValue xmi:id="{...}" xmi:type="{...}">
<value>*</value>
</prtzr alue
..|.other tags...
</owWnedAttribute>
</pacKagedElement>

JSON schema: All required properties are listed in the field “required” after the “properties”field.

JSON:

"BlocHTEST": {

"prdperties": {
"HlockTEST": {
"properties": {

...other properties...

"Context": {"items": {
"Sref": "#/components/schemas/..."}$
"minItems": 1,
"type": "array"

by

...other properties...

Canonidal XMI: property with multiplicity (2. .3]

CXMT:

<packggedElement xmi:id="{...}" xmi:type="uml:Class">
<nanfe>BlockTEST</name>
<owrledAttribute xmi:id="{...}" xmijrtype="uml:Property">

<rfame>ArrayProperty</name>

..|.other tags...

<JjowerValue xmi:id="{.../"™\xmi:type="{...}">
<valua:2</value>

</|[lowerValue>
<gpperValue xmi:id="{./..}" xmi:type="{...}">
value>3</value>
</lupperValue>
..|.other tagss.N\
</ownedAttribut&>
</pacKagedElenenit >

JSON scTema: All required properties are listed in the field “required” after the “properties” field.
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JSON:

"BlockTEST": {

"properties": {
"BlockTEST": {
"properties": {

...other properties...

"ArrayProperty": {"items": {
"Sref": "#/components/schemas/..."},
"minItems": 2,

"maxTt+ems" - e

" type " : " array"

by

...other properties...

B.5.2.4.5 $ref schema reference for primitive, part and reference properties

B.5.2.4.5.1 General

Jubclauses B.5.2.4.5.1 to B.5.2.4.5.4 explain how the $ref schema refereiice for primitive pr¢perties,
part properties and reference properties shall be used.

B.5.2.4.5.2 Primitive schema $ref

A primitive is identified by the xmi:type="uml:PrimitiveType” attribute. All common the priimitives
dre stored in the DataTypes.xmi, so any href that contains this file shall be assumed to be a primitive.
In addition, the xmi:id for the primitives in Datalypes.xmi can be assumed to be the capitalized
form of the name. All packagedElements in DatgTypes.xmi are treated as primitives (sqme are
Ami:type="uml:Enumeration"), therefore the portion of the href after the # can be used to identify the
JSON schema primitive to be used.

NOTE All primitive properties in the SysML canonical XMI include the tags <aggregation>comgosite</
dggregation>. If they do not include this tag;this is an error in the SysML model.

(anonical XMI for a primitive in DataTypes.xmi

CXMI:

<packagedElement xmiffid="STRING" xmi:type="uml:PrimitiveType">
<name>String</name>
</packagedElement>

(anonical XMI<t ype href relative reference to string primitive in DataTypes.xmi

CXMI:

<oynedAttribute xmi:id="{...}" xmi:type="uml:Property">
<name>Text</name>
<tvpe href="../../../DataTypes.xmi}#STRING" />
...other tags...

</ownedAttribute>

JSON schema: property with string primitive

JSON:

"properties": {
...other properties...
"Text": {"S$ref": "#/components/schemas/string"}
...other properties...
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Table B

.1 shows the xmi:id and containing file for the primitives in the SysML XMI that have an

equivalent JSON schema primitive. See B.5.6 for how to construct the JSON schema primitive schemas.

Table B.1 — SysML Canonical XMI primitives and equivalent in JSON schemaSysML Canonical
XMI primitives and equivalent in JSON schema

XMI File xmi:id JSON
Core_model/CommonRessources/CommonRessources _DateTimeString dateTime
Core_model/CommonRessources/CommonRessources _Uri uri
DataTypes.xmi INTEGER integer
DataTypes.xmi STRING string
DataTyges.xmi BOOLEAN boclean
DataTypes.xmi LOGICAL logical
DataTypes.xmi REAL real
B.5.2.4.5.3 Part schema $ref
A part|property in the SysML Canonical XMI is where an ownedatfribute includes the taf
<aggregption>composite</aggregation>. The other case is for inverSe composite aggregation
propertjes (see B.5.2.3.6). The name of the sref schema is the name of the block (underline text effect)
that is the type (bold and underline text effect) of the ownedattribtite, appended with the string with

“Part" (
NOTE 1

NOTE 2
B.5.2.4.4

NOTE 3

enumeration. The exception is when the partis a primitive (see B.5.2.4.5.2).

Canonid

bold text effect).

The construction of “Part” schemas is explained in B.5.3.

1=}

The construction of single properties is explained-jnwB.5.2.4.3 and array properties is explained i

This is the same whether the type of the partis’a block (including abstract and auxiliary blocks) or a

=)

al XMI: Part property that is an array

CXMI:

<packd
<nanf
<owr
<

<t

J|.other tags...

gedElement xmi:id="{..(N\™ "xmi:type="uml:Class">
e>BlockTEST</name>

edAttribute xmi:id=%{7..}" xmi:type="uml:Property">
ame>Context</namg>

e xmi:idref="xxxIDxxx"/>

</oW
</pac

<packd
<ng

<gggregation>composite</aggregation>
J|.other tagshs..

nedAttribute>
agedELem&nt>

gedBlement xmi:id="xxxIDxxx" xmi:type="uml:Class">

me>AssumptionContextItem</name>

..other tags...
</packagedElement>

JSON schema: $ref schema for a part property that is an array
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JSON:

"BlockTEST": {
"properties": {
"BlockTEST": {

"properties": {
...other properties...
"Context": {"items": {
"Sref": "#/components/schemas/AssumptionContextItemPart"},
"minItems": 1,
‘l#‘ppll. "arr;‘-‘"

bo
...other properties...

B.5.2.4.5.4 Reference schema $ref

\ reference property in the SysML Canonical XMI is where an ownedattribute-does not inc

underline text effect) thatis the type (bold and underline text effect) of the ownedattribute, a

vith the string with “Reference” (bold text effect).

NOTE1 The construction of “Reference” schemas is explained B.5.4.

B.5.2.4.4.

drror in the SysML model.

(anonical XMI: Part property that is an array

A
tlg <aggregation>composite</aggregation>. The name of the sref schema.js the name of t
V

NOTE 2  The construction of single properties is explained in B.5(2)4.3 and array properties is exp

NOTE 3  This is the same whether the type of the reference is\a block (including abstract and auxiliar}
The SysML model does not contain any enumeration or primitive reference properties. If there are, this is an

ude the
e block
pended

ained in

r blocks).

CXMTI :
<packagedElement xmi:id="{...}"\!'xmi:type="uml:Class">
<name>BlockTEST</name>
<ownedAttribute xmi:id="{{.3}" xmi:type="uml:Property">
<name>Assumes</name>

...other tags...
<type xmi:idref="xxxIDxxx"/>
...other tags ex€luding <aggregation>composite</aggregation>...
</ownedAttribute>
</packagedElement>

<packagedElement xmi:id="xxxIDxxx" xmi:type="uml:Class">
<name>AgsumedItem</name>
...other\ tags...

</packageédElement>

JSON.schema: $ref schema for a part property that is an array

JSON:

"BlockTEST": {

by

...other properties...

"properties": {
"BlockTEST": {
"properties": {
...other properties...
"Assumes": {"items": {
"Sref": "#/components/schemas/AssumedltemReference"},
"minItems": 1,
"type": "array"
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B.5.2.5 Required properties

The required properties are those where the lower value of the multiplicity is 1 (see B.5.2.4.2). This
occurs either when there isno <1owervalue> (such as default of 1) or when thereisa<iowervalue><value>
(when no <value> specified the default is 0).

Canonical XMI: required property “Assumes” and optional “Context”

CXMI:

<packggedElement xmi:id="{...}" xmi:type="uml:Class">
<nanle>BlockTEST</name>
<owrfjedAttribute xmi:id="{...}" xmi:type="uml:Property">
<rlame>Context</name>
..|.other tags...
<JJowerValue xmi:id="{...}" xmi:type="{...}"/>
<YpperValue xmi:id="{...}" xmi:type="{...}">
<value>*</value>
</lupperValue>
..|.other tags...
</owWnedAttribute>
<owrjedAttribute xmi:id="{...}" xmi:type="uml:Property">
name>Assumes</name>
. other tags not <lowerValue></lowerValue>. ..
upperValue xmi:id="{...}" xmi:type="{...}">
<value>*</value>
/uppervValue>
J|..other tags...
</dwnedAttribute>
</padkagedElement>

JSON schema: All required properties are listed in the field “required” after the “properties” field

JSON:

"BlocHTEST": {
"prdperties": {
"HlockTEST": {
"properties": {
"Assumes": {...},
"Context": {...},
. more (inherited)) properties...
br

"required": ["Assumes", "...more (inherited) required properties..."],

B.5.3 BlockPart

B.5.3.1| General

D

Any SysMLAbleck that is used in a part property (or value property) shall have a JSON “Part” schema (se
5.3.7.3.7 fonythe definition).

NOTE1 A SysML block is not used as the type for both part properties and reference properties. If there
are cases, then this is an error in the SysML model. N326_Canonical_xmi_example_input.xmi listed in Annex C
includes examples of this error.

B.5.3.2 Abstract blocks including auxiliary (SELECT)

All SysML blocks that have the tag <isaAbstract>true</isAbstract> are handled the same in the JSON
schema whether they are stereotyped to standardprofile:Auxiliary or not. The JSON schema is anyof
all the subtype block part schemas. This embeds recursion through subtypes of subtypes.

The embedded recursion is illustrated in the following fragment where “AssumptionContextltem”
has an abstract subtype “VersionableObject” which in turn has a subtype “BlockTEST”. When all the
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anyof references are resolved the final list only contains the schemas for the non-abstract blocks. The

resolved anyof for “AssumptionContextitem” contains “TeamTEST” and “BlockTEST".

NOTE This is the same approach as used for BlockReference (see B.5.4.2) except appending “Part” instead of

“Reference” in the $ref.

Canonical XMI: abstract auxiliary and abstract blocks for parts

CXMI:

<packagedklement xml:1d="XXXIDXXX" xmi:type="uml:Class"”>
<name>AssumptionContextItem</name>
<isAbstract>true</isAbstract>
...other tags...
</packagedElement>

<StandardProfile:Auxiliary xmi:id="{...}">
<base Class xmi:idref="xxxIDxxx"/>
</StandardProfile:Auxiliary>

following object is subtype of AssumptionContextItem and is“flot abstract...
<packagedElement xmi:id="xxxID TTxxx" xmi:type="uml:Class">
<name>TeamTEST</name>
<generalization xmi:id="{...}" xmi:type="uml:Generalization">
<general xmi:idref="xxxIDxxx"/>
</generalization>
...other tags...
</packagedElement>

following abstract object is subtype of AssumptionContextItem...
<packagedElement xmi:id="xxxID VOxxx" xmi:types"uml:Class">
<name>VersionableObject</name>
<generalization xmi:id="{...}" xmi:typé&='"uml:Generalization">
<general xmi:idref="xxxIDxxx"/>
</generalization>
<isAbstract>true</isAbstract>
...other tags...
</packagedElement>

following abstract objedtis subtype of AssumptionContextItem...

<packagedElement xmi:id="{:..}" xmi:type="uml:Class">
<name>BlockTEST</name>
<generalization xmi/f3d="{...}" xmi:type="uml:Generalization">

<general xmi:idref="xxxID_VOxxx"/>
</generalization>
...other tagsw+.
</packagedElemeht>

JSON schemat@abstract auxiliary and abstract blocks for parts

JSON :
"AssumptionContextItemPart": ({
"anyOf": [{"Sref": "#/components/schemas/TeamTESTPart"},
{"Sref": "#/components/schemas/VersionableObjectPart"}]

by

"VersionableObjectPart": ({
"anyOf": [{"$ref": "#/components/schemas/BlockTESTPart"}]},
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B.5.3.3 Blocks with no subtypes

A block that is not abstract and has no subtypes is when there are no cases of <general xmi:idref=""/>
equal to the xmi:id of the block in the Canonical XMI. The JSON schema is a reference to the Block
schema (see 5.3.7.3.2 for the definition).

NOTE This seeming repetition is to allow for consistent of block references and to enable recursion.

Canonical XMI: block that are used as parts and have no subtypes

CXMI:

<packgdgedElement xmi:id="xxxID TTxxx" xmi:type="uml:Class">
<nanje>TeamTEST</name>
Jother tags...

</pacHagedElement>
<packggedElement xmi:id="{...}" xmi:type="uml:Class">
<gerjeralization xmi:id="{...}" xmi:type="uml:Generalization">
general xmi:idref="...no cases of xxxID TTxxx..."/>

</deneralization>
J|..other tags...
</pacHagedElement>

JSON schema: blocks that are used for parts and have no subtypes

JSON:

"TeamTESTPart": {"Sref": "#/components/schemas/TeamTEST"},

B.5.3.4 | Blocks with subtypes

pe=m

The nont-abstract blocks with subtypes combine the approaches of the abstract blocks (see B.5.3.2) an
the blocks with no subtypes (see B.5.3.3).

The JSON schema shall be anyof referenceto the block schema (see B.5.2), and all the subtype bloc
“Part” sthemas. This embeds recursion through subtypes of subtypes.

~

Canonidal XMI:

CXMI:

<packggedElement xmi@id="xxxIDxxx" xmi:type="uml:Class">
<nanje>InvCompTesty/iame>

...0tHer tags...

</pacHagedElement>

<packggedElé&ment xmi:id="{...}" xmi:type="uml:Class">
<nanje>InvCompTestRedefined</name>
<gerferalization xmi:id="{...}" xmi:type="uml:Generalization">

<deneral xmi:idref="xxxTDxxx"/>

</generalization>

...other tags...

</packagedElement>

JSON schema:
JSON:

"InvCompTestPart": ({
"anyOf": [{"S$ref": "#/components/schemas/InvCompTest"},
{"Sref": "#/components/schemas/InvCompTestRedefinedPart"}]
by
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B.5.4 BlockReference

B.5.4.1 General

Any SysML slock that is used in a reference property shall have a JSON “Reference” schema (see 5.3.7.3.4
for the definition).

NOTE A SysML block is not used as the type for both part properties and reference properties. If there are
cases of this in the canonical XM], then this is an error in the SysML model. N326_Canonical_xmi_example_input.
milistedin Annex Cincludes F\Yamp]pc of thiserror

B.5.4.2 Abstract blocks including auxiliary (SELECT)

All SysML blocks that have the tag <isabstract>true</isabstract> shall be handled-the sanje in the
JSON schema whether they are stereotyped to standardProfile:Auxiliary or not/ The JSON[schema
ghall be anyor all the subtype block “Reference” schemas. This embeds recursignthrough subtypes of
qubtypes.

The embedded recursion is illustrated in the following fragment where “Actorltem” has subtypes
df “Organization” and “Person”, but “Organization” has a subtype “TeamTEST” (see B.5.4.4). When
qll the anyof references are resolved, the final list contains the schemas for the non-abstradt blocks
‘References”. Therefore, the resolved “Actorltem” is anyof Person, Organization and TeamTEST.

NOTE This is the same approach as used for BlockPart (see B:5{3.2) except appending “Reference” ihstead of
Part” in the Sref.

(anonical XMI: abstract auxiliary and abstract blocks {or references

CXMI:

<packagedElement xmi:id="xxxIDxxx" xmiZfype="uml:Class">
<name>ActorItem</name>
<isAbstract>true</isAbstract>
...other tags...
</packagedElement>

<StandardProfile:Auxiliary.xmi:id="{...}">
<base Class xmi:idrefis"xxxIDxxx"/>
</StandardProfile:Auxdiiary>

following object “¥s subtype of ActorItem and is not abstract...
<packagedElement xmi:id="xxxID Oxxx" xmi:type="uml:Class">
<name>Organization</name>
<generalization xmi:id="{...}" xmi:type="uml:Generalization">
<general /xmi:idref="xxxIDxxx"/>
</genexaldization>
...otheX tags...
</packagedElement>

fiollowing object is subtype of ActorItem and is not abstract...
<packagedElement xmi:id="xxxID Pxxx" xmi:type="uml:Class">
TTame >Person</ name
<generalization xmi:id="{...}" xmi:type="uml:Generalization">
<general xmi:idref="xxxIDxxx"/>
</generalization>
...other tags...
</packagedElement>

JSON schema: abstract auxiliary and abstract blocks for references
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JSON:
"ActorItemReference": {
"anyOf": [{"S$ref": "#/components/schemas/OrganizationReference"},
{"Sref": "#/components/schemas/PersonReference"}]

by

B.5.4.3 Non-abstract blocks with no subtypes

A block fhiatisotabstractand Tas o SUbTYPes 1S WHen theTe are No Cases Of <general xmi:idrer=""

equal to the xmi : id of the block.

The BlogkReference in the JSON schema has properties that are common to all BlockReferences. Thes
may be held in a single common schema called commonre f. There shall be a property called bpFectTyp
which i$ fixed for the block. All the properties when used in the XML payload are tfeated as xmj

attributes for consistency with the XSD (see 5.3.7.3.4.2 for the definition).

Canonidal XMI:

w

W

—

CXMI:

<packggedElement xmi:id="xxxID TTxxx" xmi:type="uml:Class">
<nanje>TeamTEST</name>
<ggneralization xmi:id="{...}" xmi:type="uml:Generalizatizon">
general xmi:idref="xxxID Oxxx"/>
</deneralization>
J|..other tags...

</pacHagedElement>
<packggedElement xmi:id="{...}" xmi:type="uml:Ckass">
<gerjeralization xmi:id="{...}" xmi:type="umlgiGeneralization">
general xmi:idref="...no cases of xxxID)TTxxx..."/>

</deneralization>
J|..other tags...
</pacHagedElement>

JSON schema: blocks for references that‘have no subtypes when a single common schema is used

JSON:
"TeamTESTReference": {
"pdoperties": {
"Reference": {
"allOof": L {WSref": "4#/components/schemas/commonRef"},
{"properties": {"objectType": {"enum": ["TeamTEST"],
"type": "string",
"xml": {"attribute": true}}},
"required": ["objectType"],
"type": "object"}1}},
"required": ["Reference"],
"type": "object"
b

JSON schema: common properties for all reference schemas in a single common schema
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